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I, SUMMARY

This report has been prepared to assist In the analysis of the
XM-Series Hand-Held Signals which were developed by Picatinny Arsenal,
Dover, New Jersey. The analysis is to be made during a ST Review to
be held at Picatinny Arsenal on 2 July 1963. The report contains a
summary of major events in the development of the signals from time of
program initiation to the present, pertinent materiel, physical,
operational, and performance characteristics, comparisons of several
types of signals and other significant information, data, and documents.

II. INTRODUCTION

Preliminary efforts at Picatinny Arsenal on the design of the
XM14lk Hand-Held Ground Signal Series was authorized and commenced
October 1959. Full scale development was authorized and initiated by
OTCM 37402, dated 26 May 1960. This OTCM was prepered on the basis of
the military characteristics presented in USCONARC File 0019U1-6049,
dated 10 March 1959, and called for the development of the following
family of fourteen signals:

1. Signal, Illumination, Ground, Parachute
a. Green Star, XM1hh
b. Red Star, XM1L45
c. White Star, XMLL6
2. Signal, Tllumination, Ground, Cluster
a. Green Star, XM14kT
b. Red Star, XM1.48
¢. White Star, XM149
3. Signal, Smoke, Ground, Parachute
a. Green, XM150

b. Red, XMI151



c. Yellow, XM152

d. Violet (No numerical designation assigned)
4, Signal, Smoke, Ground, Streamer

a. Green, XM153

b. Red, XMLSh

c. Yellow, XM155

d. Violet (No numerical designation assigned)

Other recommendations for the initiation of the development of
the XM14k4 Signal Series are recorded in the following correspondence:

1. TUSCONARC letter OO/8-10156-0U0, dated 30 July 1958,
referring to USA, Arctic Test Board Project No. ATB 4s7.

2. 0CO letter ORDTS 00/8-13538-0U0, dated 22 October 1958,
referring to USCONARC letter 00/8-1281L4-0U0.

3. 0CO letter ORDTS 00/800-33231, dated 3 December 1958,
referring to the USA Infantry Board, letter 00/8U1-33120, dated
2 November 1958.

4. 000 letter ORDTS 00/9-1383-0U0, dated 3 February 1959,
referring to USCONARC letter 00/9-79’+-0U0, dated 5 January 1959.

5. 0CO letter ORDTS 00/9-5586-0U0, dated 14 May 1959,
referring to USCONARC file 00/9-5297-0U0, dated 20 April 1959.

6. 0OCO letter ORDTS 00/9U1l-12655, dated T October 1959,
referring to USA Arctic Test Board Report of Test of Project No.
ATB 259, dated 26 August 1959.

In 1947, the Army Field Forces conducted a limited evaluation
of hand-held rocket-type signals for employment in visual ground-to
ground and ground-to-air signaling and to provide temporary close-in
illumination for individuals and small units. They concluded that signals
which did not require a weapon or special projector were a decided
improvement over standard signals that were weapon launched. Military
characteristics for these signals were approved in 1948 and revised in
1950. After the initial service testing in 1952, the fin-stabilized
TT1 Signal Series were classified standard and designated the M125



Signal Series. At approximately the same time, the initiation of
development of additional signals, the T133 Signal Series, completed
the family.

In 1954, erratic flight performance of the M127 White Star
Parachute Signael caused the suspension from issue of all types of
hand-held signals. In subsequent testing, however, certain lots of
modified standard-type signals have been found acceptable for Army use
on an interim basis. Efforts are continuing to complete the modifica-
tion of all signals in the family to make them acceptable on an
interim basis.

The new family of signals (XM14l Signal Series) was designed to
alleviate many of the deficilencies now occurring in the M125 and T133
Signal Series (e.g. erratic flight and spark trails at launch) by
utilizing spin stabilization and new advances in the fields of solid
rocket propellants and pyrotechnic compositions.

III. PROGRAM HISTORY

1. Initial Design Concepts (October 1959)

Development of the XMluhk Series Signals was initiated
because of USCONARC's desire for a signal that would eliminate such
major deficlencies of the Standard M125 and T133 Signal Series as
erratic flight, position-disclosing smoke and spark trails at launch,
and low altitude of functioning. The adventages of the new signal
series were to include improved flight stability, elimination of the
smoke and luminous trails at launch, increased height of burst,
increased flare burning times, and improved color definition of all
illuminant and smoke components.

In order to improve the flight stability, increase the
height of burst, and eliminate the smoke and luminous trails at launch,
it was decided to utilize the spin stabilization principle of flight
instead of the fin stabilization principle presently used for the
standard signals. In addition to providing the necessary thrust
required for satisfactory stabilization, the rocket motor would
incorporate a high energy double-base propellant exhausting through
two small canted nozzles which would eliminate the smoke and spark
trails at launch. The standard signals were propelled by a black
powder motor which is responsible for the objectionable smoke and
spark trails. A further advantage of the high energy double-base



propellant was that it would permit & reduction in the motor length,
thereby providing more space for the message component. The
propellant grain was designed to meet the following criteria:

a. Highest possible propellant loading density and total
impulse with minimum size and weight.

b. Highest energy standard smokeless propellant.
¢. FEasiest configuration for ignition.

d. Burning time between 1 and 2 seconds, consistent with
above considerations and with reasonable size nozzle throat diameter.

High Energy N-12 Propellant was selected because it is & standard
propellant manufactured in large quantities for a large variety of
rocket systems. The solid end burning cylinder configuration was
chosen because it offered maximum loading density and, therefore,
maximum total impulse in a minimum of space. It also gave rise to a
strategic position for the exposed propellant surface to be impringed
upon by the hot gases of the expulsion charge for ignition. These
factors as well as the high energy level of the propellant facilitated
ignition. The propellant surface area of this configuration required
nozzle throat diameters of reasonable size consistent with a good
mass rate of discharge. The burning time resulting from the combination
of all above factors was nearly ideal. Absolute neutrality of burn-
ing was also characteristic of the design and made for efficient
operation.

Various signal designs were studied, their physical dimensions
being governed by the operational characteristics established by
USCONARC. It was finally decided to design the signals so that they
could be fired from the same launcher-igniter assembly used for the
M131 Red Star Distress Signal which had previously proven satisfactory.
The selection of the M131 Launcher-Igniter Assembly was also governed
by the method of firing, which was not considered objectionable, as
was the method of firing the standerd M125 Signals. In addition, the
final design was based on the need for a signal which would produce the
desired characteristics of flight when fired from the launcher assembly.
These characteristics would be produceiby the M131l Launcher-Igniter
Assembly.

The basic design established for the parachute and cluster signal
was a two-stage unit, the first stege consisting of the rocket motor
and signal body, and the second stage consisting of the message
component. Initial spin required for launch stability of the signals



was expected to be obtained by two aluminum pins located 180 degrees
apart which would ride in the grooves ot the launcher. The launcher-
igniter assembly would contain an expelling charge which would
simultaneously expel the signal with the velocity required for
stability and ignite the rocket motor. The rocket motor would then
burn for the time required to attain an average height of 750 feet.
After burnout, the propellant would ignite a delay column which would
burn for the time required to reach apex of flight. At apex, delay burnout
would occur and ignite an expelling charge which would simultaneously
ignite and expel the message component. The basic design of the

smoke streamer signals consisted of a single-stage unit which would
emit smoke from launch to ground return. The smoke composition would
be pressed directly into the signal body and be ignited by two

strands of quickmatch, which in turn would be ignited by the expelling
charge.

With respect to the illuminant and smoke producing components,
it was decided to conduct an extensive investigation designed to
provide the best sigral elements that the state of art could produce.

The basic parachute design previously established for similar
signals was expected to function satisfactorily in the new series
signals.

2, Picatinny Arsenal Test Program, ED Phase (April 1960-
June 1961)

a. Rocket Seizure in Launcher Tube and Design Changes.
During initial testing, 5 of 17 signals failed to eject from the
launcher tubes. Exemination of the malfunctioning signals showed that
the signal body guide pins were riding out of the launcher rifling
grooves, causing the signal rocket to jam in the launcher tube. To
eliminate this condition, a special jig was designed to insert the
two guide pins equally deep and obtaln a constant surface-to-surface
dimension (1.556-.004 inch). The pins were located in the same
transverse plane on 180° centers. Further, an additional preventive
measure was taken by utilizing guide pins manufactured from softer
material. Since the launcher tube was conslderably harder than the
pins, they could not cut through the rifling grooves even if not
positioned properly. Originally, 175-T4 aluminum guide pins were
used. By annealing these pins dead soft, the malfunction rate was
reduced to 2 signals of 666 tested. Replacing the 17S-T4 aluminum
pins with 25-H18 aluminum pins completely solved the problem, no
malfunctions occurring in tests of 817 signals.

b. Parachute Modifications. Repeated failures of




parachutes to properly deploy upon ejection from the signal rocket
assembly at the zenith of flight prompted a static ejection test
program. An availlable 50-foot observation tower was utilized; the
test items were mounted in a rigid fixture and fired from the top
platform. For the parachute design with a ballistic failure rate of
66% (L1 perachute failures of 62 tested), all parachutes functioned
satisfactorily when tested statically. From this data and previous
data provided by the M125 Series Signal and M131 Signal programs, it
was concluded that the rapid spin of the signal at apex was the major
cause of failure. Various approaches to the problem was attempted
and an eventual solution was reached by pleating the canopy to permit
more rapid deployment, replacing the asbestos riser by a beaded metal
chain to prevent the spin of the pyrotechnic component from being
transmitted to the parachute, and packing the parachute into a cloth
bag to delay parachute deployment until the burning pyrotechnic
element is clear of the parachute. Of 112 signals tested incorporating
the new parachute design, 6 parachutes malfunctioned. However,

four of these malfunctions were due to mechanical failures such as
the separation of the shroud from the canopy, thereby causing the
canopy to collapse, and the breaking of the static line attaching the
parachute bag to the signal body, thus preventing the bag from
releasing the parachute.

¢. Premature "Message" Ejection and Its Correction.

On occasion, the gases produced by the propellant grain lesked around
the delay column threads, causing ignition of the black powder expel-
ling charge, resulting in premature explusion of the "message"
component. This problem was solved by increasing the number of female
threads 1n the rocket motor closure head resulting in a greater thread
engagement and a tighter gas seal.

d. Rocket Motor Improvements. One of the parameters
required for successful flight was that propellant grain ignition must
be accomplished within 0.09 second of firing. To meet this requirement,
an igniter assist was required for successful grain ignition. The
igniter assist initially selected was composed of four strands of Eimite
and four strands of Benite. This device functioned margimally, 30 of
LoO signals tested exhibiting delayed or non-ignition of the propellant
grain. Examination of the "non-ignition" grains showed that the
Benite failed to ignite. Increasing the ignitability of the Benite
by coating each strand with a very ignitable first fire slurry signif-
icantly reduced the number of delayed or non-ignitions to 11 of 630
signals tested. The problem was eventually solved by relocating the
position of the Benite on the grain, eliminating the four strands of
Eimite, and completely coating the exposed surface of the grain with
& 0.035-inch-thick layer of first fire slurry. Of U470 rounds tested,



no delayed or non-ignitions have occurred. Static tests have
indicated an ignition delay of 0.03 second, well below the maximum
requirement of 0.09 second.

e. Star Cluster Rework. Star clusters utilizing
nevly developed compositions were initially designed to resemble the
clusters used in the Standard M125 Signal Series. When tested in the
XM144 Signal Series, however, the clusters burned erratically and
their burning time was considerably below the minimum requirement of
six seconds. Since the cluster burned satisfactorily when tested in
the M125 Signal Series, it was deduced that the spin imperted to the
clusters by the new signal series was harming their burning characteris-
tics. Various approaches to develop satisfactory burning clusters
were attempted, including the following: direct pressing of the
composition into paper cases, pre-pelleting and subsequent insertion
into paper cases, varying the compositions and dimensions of the pellets,
varying the internal surface coating of the paper cases, and redesign-
ing the cluster assemblies to allow for directional burning. Of 180
signals incorporating clusters conteining one or more of the above
modifications, all failed to function properly. A solution was
eventually reached by pre-pelleting and inhibiting each pellet by wrap-
ping it with gless cloth thermosetting electrical tape in place of
the kraft paper cases previously used. Of 150 signals tested, ell of
the newly designed star clusters functioned properly, burning for
approximately 8 seconds. The failure of the rocket assembly to ejéct
all five star clusters was solved by increasing the black powder expel-
ing charge from 0.8 gram to 2.0 grams and inserting a gas check
assembly between the expelling charge and star clusters.

f. Preliminary Environmental Tests. Prior to the
shipment of ET quantities of signals to Aberdeen Proving Ground, a
total of 265 signals incorporating all the design features of the ET
signals were tested locally after being subjected to the following
environmental conditions: ambient temperature, -65°F; # 160°F;
transportation-vibration; temperature-humidity cycling and fired at
-65°F, ambient and # 160°F; and simulated air drop. The signals
subjected to temperature-humidity cycling and fired at -65°F were
tested statically. All other signals were tested ballistically. Test
results revealed no deleterious effects of the above test conditions
on the functioning characteristics of the signals. 1In addition, 20
signals were subjected to jolt, jumble, and 40-ft drop tests. These
signals were not fired but failed safe as required.

3. ED-ET Review Meeti September 1 . In accordance
with OCTI 200-2-59, dated January 1959, a Materiel Research and
Development Review covering the MX1hl Signal Series was held at



Picatinny Arsenal on 21 September 1960. In addition to verious
Arsenal personnel, representatives from the following agencies were
in attendance: Office, Chief of Ordnance; U. S. Army Infantry Board;
Headquarters, Ordnance Special Weapons-Ammunition Command; and
Ordnance Anmunition Command.

The purpose of the meeting was to determine the acceptability
of the design of the XMlil Signal Series prior to their release for
final Engineering Testing at the various proving grounds. This
decision was to be based upon 1ts ability to meet the requirements
listed in the Military Characteristics.

Detailed reports and documents discussing the local test
resulte and describing the functioning characteristics of the signals
were presented by representatives of Picatinny Arsenal. These
reports showed that:

a. PEngineering design activities on the XM1h4 Signal
(not including smoke streamer signals) series had been completed and
the item could be released for Engineering Tests.

b. Rounds for Englneering Tests could be delivered to
Aberdeen Proving Ground by 15 Nov 1960.

c¢. The Engineering Design phase of the Smoke Streamer
Signals would be completed by 31 December 1960.

d. A number of signels containing a modified igniter
assembly incorporating a squeeze type firing mechanism in place of
the pull cord mechanism would be hand fired at Aberdeen Proving Ground.

As a result of the demonstration and the discussions held
during the meeting, the various attendees were requested to give their
opinion as to the acceptability of the item and their recommendations.
In all cases, those present indicated that they believed the item was

satisfactory for shipment to the various proving grounds to complete
the ET phase.

L. Pirst Averdeen Proving Ground Test Program, ET Phase
(July 1961 to August 1961).

a. Test Objective. To determine whether the signals
meet the Military Characteristics established by OTCM 37402, dated
26 May 1960 (Appendix I). Various numbers of cach of the fourteen
signals evaluated were subjected to & battery of safety field tests
vhich included water immersion, temperature-humidity, constant




temperature (ambient, ¢/ 160°F and -65°F) and transportation-
vibration.

b. Test Results. Summaries of the test results
and round-by-round data were tabulated in Aberdeen Proving Ground
Report No. DPS-375.

c. Proving Ground Comments and Conclusions.

(1) The color of the smoke and stars was as
prescribed excepticn for the white star, which had a yellow tinge.

(2) The series of signals XM1L4k through
XM-Violet (parachute), when subjected to a 28-day temperature-
bumidity test and fired at -65°F, showed a tendency for the rocket
motor to blow up.

3) The XM146 Signal failed to ignite after
being subjected to § 160°F for an extended period.

(4) The average altitude of function for
the star cluster was less than 675 feet.

(5) The average altitude of function of the
star cluster when fired at an angle of 45 degrees was less than 400
feet.

(6) The angle of functioning from the
vertical, of the star clusters, exceeded 10 degrees.

(7) Erratic flights were obtained for the
star clusters and the smoke streamers.

(8) The parachutes would not release prop-
erly from the parachute bag.

(9) The flash at the launching position was
visible at night from an altitude of 6,000 feet and a distance of
5 miles. Ground observers noted flash from a distance of 1,000
yards.

(10) The XM Signals Series did not meet
all Military Requirements.

5. First ST Review Meeting (September 1961) . The first
ST Review meeting was held at Picatinny Arsenal in September 1961.
In addition to representatives from various segments of Picatinny




Arsenal, other government agencies were in attendance. The latter
included Office, Chief of Ordnance, Aberdeen Proving Ground, U. S.

Army Infantry Board, and Ordnance Special Weapons-Ammunition Command
Headquarters.

A review was made that explained the operational characteris-
tics of the signels, with particular emphasis on the component parts
vhich performed poorly during Engineering Test at Aberdeen Proving
Ground. These were summarized according to the type of malfunction,
the number of rounds tested at Picatinny Arsenal and Aberdeen Proving
Ground, and the total number of malfunctions occurring at each
installation.

The types of deficiencies noted at APG included the following:
a. Parachute malfunctions (25 of 323 signals)
b. Candle non-ignition at 160°F (29 of 130 signals)
c. Delay non-ignition at 160°F (k& of T0 signals)

d. Rocket motor blows at -65°F after temperature-
humidity cycling (10 of 16 signals)

e. Poor ignition qualities of propellant grain (50
of 240 signals).

f. White star candle separation (14 of U4 signals)

The reasons for each of the above malfunctions and the
modifications required to prevent them were discussed. As reported,
th.- only malfunction not satisfactorily resolved at the time of the
review was the motor blows at -65°F after temperature-humidity
eycling. However, the approaches being taken to resolve the motor
blow problem were discussed.

At the end of the meeting all attendees agreed that the
ST shipment of the signals would be delayed three months to permit
a retest at Aberdeen Proving Ground. It was recommended that the
signals be reworked to correct the existing deficiencies and that
additional samples be furnished for further testing, specifically
under the test conditions at which the deficiencies occurred. The
test program outlined was to enable APG to recommend all the rounds
for service test based on successful completion of the retest.

It was also sgreed that all signals designated for

10



Environmental Testing at Yume Test Activity and Fort Wainwright be
recalled. These signals would be replaced by an equal number
containing the latest modifications.

Because of the poor visibility of the smoke streamer signals
to aircraft observers, Picatinny Arsenal recommended that the Military
Requirements for these signals be modified to allow for a denser smoke
trail which could be produced by & faster burning smoke composition.
It was stressed that this would limit the smoke production from launch
to apex (the requirement called for smoke from launch to ground
return). Signals containing this modification would be included in
the APG retest. Tentative agreement on this was reached.

6. Second Aberdeen Proving Ground Test Program, ET Phase
[December 1961).

a. Test Objective. To determine the acceptability of the
XM Signal Series, based on the testing of a number of signals of one
type from each of the four groups.

b. Design Improvements Since Last Test.

(1) Rocket Motor. Initial Aberdeen Proving Ground
tests of the smoke parachute and star parachute signals produced 10
rocket motor explosions in the 16 signals tested at -65°F after 28
days of temperature~humidity cycling. These malfunctions occurred
only after the rounds were subjected to the above test conditions.
Subsequent investigation at Picatinny Arsenal indicated that the O
ring, which was incorporated to protect the exposed upper face of the
grain from being prematurely ignited, did not provide a proper gas
seal after the round was cycled and fired at -65°F. Consequently,
the exposed face of the grain designed to ignite the delay column
after burnout was prematurely ignited. The pressure produced by the
propellant grain burning on two surfaces was too great for the metal
parts to withstand, and the motor blows resulted. This problem was
solved by redesigning the motor assembly to eliminate the dual function
of the propellant grain, that is, to propel the signal and also serve
as part of the delay train. The grain was redesigned to provide for
propulsion only by inhibiting its upper face. The motor was redesigned
by plugging the opening previously provided for the delay column and
incorporating quickmatch to ignite the delay independently of the
grain. A total of 24 rounds containing this latest modification were
cycled and tested at -65°F at Picatinny Arsenal. All rounds functioned
successfully.

(2) launcher Reccil. Throughout the development of
the XM Signal Series, various methods of firing were considered in an

11



attempt to minimize the effect of recoil on the flight performance

of the signals. Two methods were eventually evaluated, the first
being the stendard firing technique previously developed for the

M131 Red Star Distress Signal. This method required for the signel
to be held in one hand while the other hand fired the signal by
pulling a lanyard. An alternate method was to adapt a squeeze-type
mechanism to the signal to enable the firer to grasp the signal with
two hands at the time of firing. Evaluation of both methods at
Aberdeen Proving Ground did not indicate either method to be superior.
Subsequently, it was found thet by knurling the outside surface of
the launcher tube, the ability of using personnel at Picatinny
Arsenal to grip the launcher during firing was so improved as to make
the standard firing method superior to the squeeze-type method.

Three of five signals utilizing the squeeze-type method recoiled

out of the firer's hands. No loss of signals occurred with the
knurled-lanyard type. Hence, no further design change was considered.

(3) Flight Characteristics. 1In an attempt to
simplify the application of the igniter assist to the propellant
grain, the Benite was replaced by an equivalent weight of black
powder (Grade A-T) blended directly into the slurry. This modified
igniter assist, which was satisfactorily proven out as reliable at
Picatinny Arsenal, was applied to the grains of all star-cluster and
smoke-streamer signals shipped to Aberdeen Proving Ground. An
investigation of the cause of the erratic flights at Aberdeen Proving
Ground indicated that the homogeneity of the slurry was poor due to
segregation of the black powder ingredient. This resulted in a
poor functioning igniter assist which caused excessive ignition delays
of the propellant grain and resulted in the high incidence of erratic
flights. Since sufficient time was not available to refine the
blending techniques required to maintain the slurry et uniform
consistency, it was decided to revert to the previous igniter assist
system of Benite plus first fire slurry.

(4) Parachute. Of the 25 parachute malfunctions
occurring during the first Engineering Testing at Aberdeen Proving
Ground, approximately 90% were due to one of the following causes:
parachutes not being released by their cloth bag housings because
the static 1line attaching the beg to the signal body either pulls out
of the bag or breaks; and separation of the parachute shroud lines
from the canopy at time of opening, causing the parachute to collapse.
These problems were rectified by increasing the size of the bag,
permitting easier exit of the parachute and improved sewing technique
of the shroud lines to the canopy and static line to the bag. Of
the 100 rounds tested at Plcatinny Arsenal containing this modified
parachute assembly, only 2 failed to function properly. Neither of
these failures was caused by any of the malfunctions described above.



One failure was the result of the candle colliding vith the parachute's
canopy; the other was the result of the shroud lines wrapping themselves
around the canopy. From past experience with similar designs, a small
percentage of malfunctions of these types were expected as a result of
chance alone, consequently no effort was directed towards their
solution.

(5) cCandle Ignition. The first test results at
the Proving Ground on the illuminant parachute signals conditioned a%
160°F showed that 13 of 29 candles failed to ignite. Investigation of
the problem at Picatinny Arsenal revealed the cause to be the diffusing
of wax from the case coating into the first fire, rendering it inert.
The solution of this problem was found in substituting a relatively high
melting point mixture of paraffin waex and polyethylene in place of the
paraffin wax previously used. Of the 33 rounds subsequently tested at
Picatinny Arsenal, no failures occurred.

(6) Cendle Assembly. The use of filter paper as
a flare case provided a flare whose candlepower was more than 50%
greater than flares with similar compositions in kraft paper cases.
However, the filter paper burned too fast, permitting the last increment
of the flare composition to fall free. This melfunction, which
occurred with 14 of the Uk flares tested at Aberdeen Proving Ground,
was eliminated by cementing the last increment of composition to the
anchor plate with epoxy resin. Of the 89 flares tested at Picatinny
Arsenal which contained this latest improvement, no melfunctions were
encountered.

(7) Streesmer Visibility. During the Service Test
Review Meetidg of T Sep 206tprthéspoddivisibility:-to.aircraft observers
of streamer signels emitting smoke from launch to ground return in compli-
ance with the Military Characteristics was discussed. Picatinny Arsenal
recommended that the signals be modified to allow for a denser smoke
trail by utilizing faster burning smoke compositions. It was pointed
out that this change would 1limit the smoke production from launch to
apex whereas the requirement called for smoke from launch to ground
return. All attendees at the meeting concurred with this recommendation
and agreed to include this modification in the streamer signals manufac-
tured for the retest.

¢c. Test Results. Summaries of the test results and
round-by-round data were tabulated in Aberdeen Proving Ground Report
NO- DPS-II'79 .

d. Proving Ground Conclusions. The XM Signal Series
failed to meet the military requirements because of low altitude of
functioning, parachute failures, and unstable flights.
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e. Proving Ground Recommendations. It was

recommended that, after the signals were reworked, additional
signals of each of the types XM146, XM149, XM151, and XM153 be
submitted for retest. These signals would be hand fired at ambient
temperature.

T. Third Aberdeen Proving Ground Test Program, ET Phase
(February 1962) .

a. Test Objective. To determine the acceptability
of the XM Signal Series based primarily on the altitudes of function-
ing of a number of signals from one type of each group.

b. Background. A test to supplement the original
engineering test plan had been conducted at Aberdeen Proving Ground.
Test results showed the major deficiency of the signals to be low
altitudes of function when hand fired. A conference was held by
representatives of the Proving Ground and Picatinny Arsenal to
consider the cause and remedy for the low altitudes of function. It
was declded to increase the length of the rocket motor grain and
to submit an additional number of signals to Aberdeen Proving Ground
for test to determine if the increase would enable the signal to
attain the prescribed altitude when fired by hand. The grain
length was increased from 1.0 inch to 1.1 inch for the XM146, XM1L9,
and XM153 signals, and from 0.9 inch to 1.0 inch for the XM151
signals.

c. Test Results. Summaeries of the test results and
round-by-round data were tabulated in Aberdeen Proving Ground Report
No. DPS-555. In addition it was noted that the smoke streamers,
which were redesigned to emit smoke from launch to apex, were not
visible from an altitude of 2,000 feet and from a distance of 2.5
miles. Observations were made both looking toward the sun and with
the sun at the chserver's back.

d. Proving Ground Conclusions.

(1) The XM1L9 White Star Cluster Signal met all
the military requirements except those of the environmental test,
which had not been conducted at the time, but would be in the summer
of 1962 and winter of 1962-1963. The same conclusion applied to
the XM151 Red Parachute Smoke Signal.

(2) The XM153 Green Streamer Smoke Signal, as

modified by Picatinny Arsenal (smoke from launch to apex), was not
visible to air observers as required. It met the other military
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requirements, except those of the environmental test, which had not
been conducted but would be performed as noted above.

(3) The XM146 White Star Parachute Signal did not
meet the military requirements because of candle ignition failures,
perachute failuresssand "message" ejection failure.

(4) The angle of function from vertical exceeded
10 degrees because the firer had not held the signal erect.

e. Proving Ground Recommendations.

(1) The XM1h7, XM148, and XM149 Star Cluster
Signals, the XM150, XM151, XM152, and XM-Violet Parachute Smoke Signals,
and the XM153, XM154, XM155, and XM-Violet Streamer Smoke Signals
should be released for service test prior to conducting the
environmental test.

(2) The XM153, XM154, XM155, and XM-Violet
Streamer Smoke Signals, as modified, should only be released to the
user for an evaluation test prior to conducting the environmental test.

(3) The XM144, XM1L5, and XM146 Star Parachute
Signals should be reworked. A closer inspection should be made of
the assembly and the reworked items should then be resubmitted for
further test.

8. Fourth Aberdeen Proving Ground Test Program, ET Phase

(March 1962).

a. Test Objective. To determine the acceptability of
the XM144, XM1k5, and XM146 Star Parachute Signals.

b. Design Improvements Since Last Test.

(1) cCandle-Parachute Assembly Ejection. One
possible explanation for the failure of the candle-parachute assembly
to eject was that the paper disc confining the black powder expelling
charge broke during transportation, allowing the charge to leak out.
The paper disc materiasl was thereby changed from onion skin with a
minimum burst strength of 12 points to artesian bond with a minimum
burst strength of 37 points. Of the 120 rounds tested at Picatinny
Arsenal containing this new paper disc, a&ll functioned properly.
Prior to firing, these rounds were subjected to transportation-
vibration.

(2) Parachute. In an attempt to improve the
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funct loning reliability of the parachute, the canopy assembly was
modified by increasing the width of the pleats (pocket bands)

from 1 inch to 1 inch. It was enticipated that this change would
permit the parachute to deploy more rapidly after ejection. Of

the T3 rounds tested at Picatinny Arsenel containing this modified
parachute assembly, only one parachute failed to function properly.
This failure was a result of the flare colliding with the parachute.

(3) Candle Ignition. From the evidence
available, a conclusive reason for the occurrence of candle non-
ignitions could not be established. On the basis of similar
deficiencies occurring for comparable systems, however, it was
decided that the faillure of the first fire to ignite might have been
due to improper blending of the composition. As & result, a new
lot of candles was manufactured, using extreme care in the blending
and loading of the first fire composition. Of the 140 rounds
tested at Picatinny Arsenal containing this new lot of candles, all
functioned properly.

c. Test Results. Summaries of the test results
and round-by~-round data were tabulated in Aberdeen Proving Ground
Report No. DPS-558.

d. Proving Ground Conclusions. The Star Parachute
Signals failed to meet the military requirements because of parachute
failures, low altitude of functioning, ejection failures, and
candle-parachute separations.

e. Proving Ground Recommendations. As the
deficiencies still existed in the signals that were tested, it wes
recommended that the star parachute signals should be reworked,
maintaining closer inspection at assembly. Further, after reworking,
the signals should be resubmitted for test.

9. Fifth Aberdeen Proving Ground Test ET Phase (May 1962)

a. Test Objective. To determine the acceptability
of the XM1h4, XM1L45, and XM1L6 Star Parachute Signals.

b. Design Improvements Since Last Test.

(1) Candle-Parachute Assembly Ejection. Inves-
tigation of the problem at Picatinny Arsenal indicated that the
failure of the candle-parachute assembly to eject was related to the
black powder expelling charge. The weight of expelling charge,
although sufficient for the old motor design, was found to be too
small for the current design due to the loss of gas pressure through
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the motor end of the signal. To compensate for this loss of pressure,
the charge weight was increased from 0.8 grams to 1.2 grams. Of the 100
rounds tested at Picatinny Arsenal containing this new charge weight,
all had satisfactory ejections.

(2) Phrachute It was apparent that the parachute
failures were now the most serious deficiency of the star parachute sig-
nals. A detailed review of the considerable amount of test data accumu-
lated at Picatinny Arsenal and Aberdeen Proving Ground indicated that the
majority of parachute failiures were due to canopy damage caused by the
burning candle during ejection. Although the parachute bag was designed to
prevent this, it was apparent that additional safeguards would be required.
Consequently, it was decided to redesign the candles so that ignition of the
illuminant composition was delayed until after the parachute was fully
deployed. This was accomplished by recessing the illuminant and first fire
composition in the flare case and filling the cavity with a relatively slow
burning igniter composition. Ignition of the igniter composition was
accomplished by two strands of quickmatch which are imbedded in the igniter
composition. The quickmatch was ignited by the black powder expelling
charge. Of the 70 rounds tested at Picatinny Arsenal containing the modi-
fied candles, only 1 parachute failed to deploy properly.

(3) Parachute-Candle Connection: A deficlency unique
only for the white star parachute signals was the separation of the
candle from the parachute after satisfactory suspension had occurred. The
separation was due to the flame from the candle burning through the bead
chain attaching the candle to the parachute. This did not occur for the
red or green star signals because of the nature of their flare case
material, which tended to confine and directionaslize the flame away from the
suspension chain. The case material for the red and green flares was 0.070
inch-wall kraft paper; the case material for the white flare was 0.035-inch-
wall filter paper. Since the filter paper case was responsible for a 50%
improvement in candlepower, the decision to replace it with a kraft paper
case was made with considerable reluctance. Of the 100 white star parsm-
chute rounds tested at Picatinny Arsenal using the kraft paper cases,
no chains were burned through.

c. Test Results. Round-by-round data was tabulated in
Aberdeen Proving Ground Report No. DPS-6T9.

d. Proving Ground Conclusions. The star parachute
signals failed to meet the military requirements because of the excess~
ive number of red star parachute signals functioning below 675 feet.
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e. Proving Ground Recommendations: Because of the low
altitude of function, it was recommended that the red star parachute
gignals should be reworked and should be inspected more closely at
assembly. Further, that after reworking, the signals should be resub-
mitted for test.

10. Sixth Aberdeen Proving Ground Test Program ET Phase
(June 1962).
a. Test Objective. To determine the acceptability of
the XM14k, XM145, and XM14b6 Star Parachute Signals based on the altitudes
of functioning of the XM145 Red Star Parachute Signal.

b. Test Results. Round-by-round date was tebulated in
Aberdeen Proving Ground Report No. DPS-6T9.

¢. Proving Ground Conclusions; The star parachute signals
failed to meet the military requirements because the results were inconclu-
sive.

d. Proving Ground Recommendations. Because the results
were inconclusive, it was recommended that a larger sample of red star
parachute signals be resubmitted for test.

11. Seventh Aberdeen Proving Ground Test Program, ET Phase,

(June 1962).

a. Test Objective. To determine the acceptability of
the XM14l4, XM145, and XM146 Star Parachute Signals, based on the altitude
of functioning of the XM1L45 Red Star Parachute Signal and using a 50-
round sample .

b. Test Results. Round-by-round data was tabulated in
Aberdeen Proving Ground Report No. DPS-6T9.

c. Proving Ground Conclusions. The functioning character
istics of the star parachute signal were satisfactory except that some of
them functioned below the required altitude. Nevertheless the average
altitude of functioning was T7T7 feet when the signals were fired by hand.

d. Proving Ground Recommendations. Since the altitude of
function was not critical deficiency, it was recommended that the star
parachute signals be released for service test prior to conducting the
desert and arctic enviromental tests.

12. Yuma Test Station Summer Enviromental Test Program
ET Phase, (May 1962 to August 1962).
a. Test Objective. To determine the functioning reli-
ability of the XM Series Signals after they were subjected to desert
summer enviroment.”




b. Test Results. Summaries of the test results and
round-by-round data were tabulated in Aberdeen Proving Ground Report
No. DPS/0TA-193.

c. Proving Ground Conclusions and Recommendations.
(1) The XM147, XM1L8, and XM1L9 Star Cluster 8ignals
and the XM150, XM151, XM152, and XM-Violet Parachute Smoke Signals did
not perform reliably under desert summer enviromental conditions. It
was recommended that they should be reworked and resubmitted for test-
ing under such conditions.

(2) The xXM1kk, XM145, and XM146 Star Parachute
Signals and the XM153, XM154, XM155, and XM-Violet Streamer Smoke Sig-
nals did perform reliably under desert summer enviormental conditions.
It was recommended that they be considered satisfactory for use under
such conditions.

d. Picatinny Arsenal Comments. After a review of the
Yuma Test results, the following comments were formulated at Picatinny
Arsenal.

Comparison of the test date for all signals indi-
cated that the failure of the star cluster and parachute smoke signals
to be considered satisfactory for use under desert summer enviromental
conditions was most strongly influenced by the occurrence of premature
"message" expulsions for 3 of the 7O rounds tested. It was apparent
that the prematures resulted because the hot reaction products from the
launch expelling charge and/or quickmatch bypassed the gas seal and
ignited the payload and/or payload expelling charge. As designed the
payload was protected from these reaction products by a gas seal com-
posed of 2 pressed felt wads and a neoprene disc located at the delay
housing. Although the gas seal had functioned successfully in temp-
erate and arctic enviroments, the higher desert temperatures caused
higher pressures to be generated by the launch expelling charge and/or
quickmatch, thereby reducing the effectiveness of the seal. Previous
work with items of similar design indicated that a reliable gas sedl
effective at the temperature extreme of 160°F can be provided by roll
crimping the signal body over a grooved spacer located at the same
position as the present spacer.

13. Infantry Board Test Program, ST Phase (June 1962 to
October 1962)
a. Test Objective. To determine if (1) the XM Series
Signals are suitable for Army use under temperate enviromental condi-
tions, (2) they meet the established military characteristics, and
(3) they are suitable replacements for the standard M Series Signals.
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b. Test Results. A summary of the test results
abstracted from the test report is shown below. A detailed pre-
sentation of the test results and the Infantry Board's comments can
be found in Project Report No. 2991.

(1) The XM Series Signals were considered satis-
factory with respect to physical characteristics, burning time, average
visible display times, and the rate of descent of the parachute-
suspended message components. The signals were not rendered operat-
ionally unusable by exposure to adverse conditions. Functioning of
those signals not visibly damaged was apparently not affected adversely
by aerial delivery or transport.

(2) Deficiencies and the principal shortcomings
noted during the test were as follows:

(a) Twelve of the malfunctions that occurred
during the test were considered safety hazards and, therefore,
deficienties. TIn addition, launcher recoil, the sparks and debris from
the signals, and the potential lethal effect of the falling burned-out
spin-stabilized tube of all signals were considered excessive.

(b) All signals exceeded the specifications
stated in the military characteristics for the average height of burst
and the tolerance from the average height of burst. The recoil impulse
of the signals was considered excessive. Some of this excessive recoil
was caused by the force required to project the message component to
the increased average height of burst, .

(c) There was a lack of sharp definition
between the colors of some of the signals. Position-disclosing effects
of all signals could be seen at the launch site by observers statiored
at a distance of 1,000 yards during daylight and 5,200 yards at night.
Smoke streamer signals did not emit smoke from launch to ground impact
as specified in the military characteristics.

(d) The totel of 110 malfunctions (6.4%) which
occurred during the tests indicated a lack of reliability.

(e) The signals were deficient in important
aspects of human factors engineering. The hermetically sealed con-
tainers of the signals were difficult to open. In addition, the
users experienced excessive recoil, with attendant sparks and debris,
when launching the signals by hand.

"c. Infantry Board Conclusions.

(1) The Rocket Type Hand Held Ground Signals
are not sultable for Army use under temperate conditions.
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(2) The ultimate requirement for a ground sig-
nal should be fulfilled by the development of a 4O mm signal cartridge.

d. Infantry Board Recommendations.

(1) The development of the XM Series Signals,
should be terminated.

(2) Immediate effort should be directed towerd
developing a 40 mm signal cartridge for interim use with the MT9
Grenade Launcher and ultimately with the Special Purpose Individual
Weapon.

e. Picatinny Arsenal Comments. During the Service
Tests at Ft. Benning, nine separate Reports of Equipment Failure cover-
ing a variety of shortcomings and deficiencies observed during these
tests were issued. The deficiencies as recorded and Picatinny Arsenal's
comments are shown below. Where practicable, the modifications suggested
by Picatinny Arsenal were incorporated in the signals shipped to
Ft. Greely, Alaska for arctic winter enviromental tests.

(1) Equipment Failure Report No. 1 stated that
breaking of the tear strip made it difficult to open the hermetically
sealed containers. A program was initiated to improve the container by
substituting & nine-inch-diameter nylon locy for. .the six-inch-length
metal tear strip extension. The nylon loop will make it possible to
apply better leverage to the tear strip, thereby facilitating the opening
of the container. In addition, this Arsenal initiated an investigation
into the possibility of replacing the metal containers with plastic con-
tainers, which would be opened by unscrewing a cap from the container

body .

(2) Equipment Failure Report No. 2 stated that the
spent hardware falling close to the launch position was & safety hazard.
During the development of the XMlilh Signals Series, mejor emphasis was
Placed on reliability, accuracy, and stability of flight in order to de-
ploy the message component in accordance with the requirements established
by the Military Characteristics. Only minor consideration was given to
the impact area of the spent hardware. If this is considered a safety
hazard to troops, the only short range recommendation that can be made to
alleviate the problem is to revise the firing instructions to require firing at
20 degrees from the vertical in lieu of the present vertical firings. This
would cause the spent hardware to impect approximately 250 feet from the
launch area while still meeting the minimum height requirement for verti-
cal firing of 675 feet. Greater increases in the angle of firing from
the vertical will cause the hardware to fall further from the launch area.
However, the vertical height of functioning would then be less than 675
feet.
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(3) Equipment Failure Report No. 3 stated that the
position~-disclosing effects of this series of signals was a shortcoming.
Picatinny Arsenal had previously indicated tha the Military ICharacter-
istics requiring the flash of the XM Signal Series to be indiscernible
at ranges greater than 1,000 yards could not be met. In addition, it
was stated that the signals would be designed to minimize the effects
of smoke and flash. This has been accomplished, as shown by a compari-
son of the smoke and flash resulting from the firing of the XMlil Series
and M125 Series. Although the M125 Signal Series produced a smoke and
spark trail from launch to & height of approximately 85 feet, the XM
Signal Series produced a short duration flash (of the order of milli-
seconds) having & dismeter of less than three feet. Although this
flash is discernible at ranges greater than 1,000 yards, its small
size and short duration would make it extremely difficult for an
observer to determine the range of the firer.

(%) Equipment Failure Report No. 4 stated that
the firing instructions affixed to all signal launchers were incomplete
and incorrect and, if followed, might cause injury to the firer. The
firing instructions were revised to show the firer pictorially the
correct procedure to be followed in firing the signal.

(5) Equipment Failure Report No. 5 stated that
when the signal was removed from the hermetically sealed containers,
the metal caps on the signal sometimes remeined in the container. 1In
addition, when the metal cap was removed from the signal, the cork
seal on the ejection end sometimes adhered to the cap or falls off the
signal because of an apparent lack of glue. Action was taken to pre-
vent the metal caps from sticking in the hermetically sealed container
and the pull ring from being wedged in the cap by increasing the inside
diameter of the container and decreasing the duteide diameter of the
pull ring. These changes increased the amount of clearance between the
parts in question. Regarding the cork seal adhering to the metal caps,
it was believed that insufficient time was allowed for the lacquer seal
to thoroughly dry prior to assembly of the caps to the signal. Assembly
instructions were revised to provide for a longer drying period. To
prevent the cork seal from falling out of the launcher tube, greater care
would be taken to insure the application of sufficient lacquer to seal
the cork in place. Greater care would also be given to packing the pull
cord so that it unravelédd properly.

(6) Equipment Failure Report No. 6 stated that
excessive recoil was experienced. The recoil transmitted to the firer was
the result of the sudden acceleration imparted to the signal by the eject-
ion charge. Measurements of the recoil forces were made during opti-
mization of the expulsion charge in the ET Phase of this program The
expulsion charge selected was based on an acceptable level of recail
demonstrated in the previously developed serieg of hand-held signals. It
was considered possible to redesign the eJectign charge to reduce recoil
below the present level without degrading perfcrmance by altering the



quantity and granulation of black powder used, or by introducing other
propellant materials in place of the black powder and optimizing the
quantity and configurationd ejection propellant. Recent work with
nitrocellulose propellants in igniters and edection systems indicated
the wide variation of performance that can be obtained with these
materials.

(7) Equipment Failure Report No. 7 stated that
a rocket motor blow was experienced when "the ignition system, black
powder expelling charge and rocket motor had exploded simultaneously
and/or the pins on the signal rocket assembly had wedged into the
sides of the signal launcher which caused the rocket motor to burn out
in the base of the signal launcher and prior to ejection." The rocket
motor design was believed to be basically sound and no evidence of a
weak spot in the motor had been adduced by consistency of one type of
failure. It was beligved that the few failures encountered were
attributable to poor quality or poor assembly of the failed item,
possibly in combination with each other or with other unusual condi-
tions. The quality control of the parts would be carefully re-examined
and improvements would be made in critical areas. It was also
recommended that adhesive should be applied to all threaded attachments
in the assembly of the item not only to improve the strength of the basic
motor but to mitigate the effect of poor assembly.

(8) Equipment Failure Report No. 8 stated that
the one of the signals fired prematurely while being removed from the
container after a malfunctioning parachute drop. It was recommended
that the Military Characteristice requiring "the signals to be safe
to handle &nd fire after drop by malfunctioning perachute provided no
visible damage has been sustained" be revised to require only that
signals be safe to handle and dispose of. The basis for this recom-
mendation was the signals might have experienced internal damage not
visible to the naked eye, thereby creating a hazard to the firer.
Further, the requirement that this or any other pyrotechnic item be
serviceable after malfunctioning perachute drop was considered tech-
nically unsound. For this type of item, the ability to be handled
and disposed of was consldered & very desirable characteristic.

(9) Equipment Failure Report No. 9 stated
that suspension chain breaks caused the parachute flare and parachute
smoke "message" components to be separated from the parachute upon
ejection from the rocket assembly. Subsequent to the Ft. Benning
test, a stronger chain was incorporated in the signals shipped to
Ft. Greely. Whereas the suspension chain in Ft. Benning shipment was
chrome plated brass with a minimum tensile strength of 45 pounds, the
new chain was stalnless steel with a minimum tensile étrength of T5
pounds. Of the 81 signals tested at Picatinny Arsenal which incor-
porated the stainless steel chain, no chains broke.
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(10) 1In addition to the aforementioned, Report
of Project No. 2991 stated that five dangerously erratic flights were
encountered, there was a lack of color definition, and that the smoke
streamer signals emit smoke only on ascent.

(a) With respect to the five erratic flights
it wes understood that they all landed approximately 150 feet from the
launcher. Thus .they : created less of a hazard to the troops than the
spent signal body falling from trajectory apex of 750 feet except that
the pyrotechnic element was still in the signal or was ejected just
before ground impeact.

(b) With respect to color definition, this
Arsenal had used .the best gignal elements that the current.technology could
produce. It was noted that all signals were correctly identified at a
range of 2500 yards during the day except one yellow smoke element was
mistakenly identified as green. At night all flare signals were
correctly identified at a a.range of 5200 yards. It was also noted
that during the night aerial test all flare signals were correctly
identified at a slant range of 5 miles and 5,000 feet altitude.

(¢) With respect to the streamer signals
emitting smoke only on ascent, it was found during the engineering
test that insufficient smoke was produced to effectively mark the whole
trajectory. This problem was brought to the attention of a member of
the Infantry Board and the Office, Chief of Ordnance and smoke emission
on ascent only was informelly accepted as the 1limit of the state of the
technology.

14, Ft. Greely Winter Enviromental Test Program, ST Phase
(December 1962 - January 1963)
a. Test Objective. To determine if the XM Signal
Series are suitable for Army use under arctic winter enviromental
conditions.

b. Test RBsults. The official report covering the
arctic winter enviromental tests has not been completed at the time
of this report. A preliminary summary of the test results as received
from the ARctic Test Board is as follows:

(1) A total gf 897 signalg were fired at ambient
temperatures ranging from hinus 51°F to plus 30°F, 879 signals were
fixture fired and 18 hand fired. The average height of burst or smoke
strearer apex for all types of signals was in excess of 900 feet. No
signal that otherwise functioned normally deviated from line of fire
more than 10 degrees. No significant difference in performance occurred
at either end of the temperature range in which the signals were fired.

(2) A total of six signals malfunctioned at
leunch. For five of these signals, the igniter assembly separated from
the launcher tube at time of firing. The nozzle plate of the sixth
signal separated from the motor in or adjacent to the launcher tube. Of
the six malfunctions, three of the signal rocket assemblies falled to
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eject from the launcher. The three rocket assemblies which left the
launcher had extremely erratic flights.

(3) In approximately, 10% of the smoke parachute
signals fired, the parachutes either failed to eject or failed to
deploy. Fallures occurred primarily with the violet smoke parachute.

(4) The colar of the smoke signals was difficult
to ascertain at ranges in excess of 1,500 yards. Green and yellow were
easy to confuse. Violet at times appeared black. Illumination signals,
howeverl were effective and easy to identify. On one occassion, a red
star cluster signal was observed and identified at night by an air
observer at a distance of 40 miles.

c. Arctic Test Board Conclusions. Because of the
six malfunctions at launch, it was considered that the test signal do
not meet the safety requirements of the military characteristics and
are not safe, as provided for test, for issue to using troops. 1In
addition, empty message containers of all types of test signals returned
to earth with sufficient force to constitute a serious safety hazard
to ground personnel.

d. Arsétic Test Board Gonclusion. The XM Signal Series,
as provided for test, are unsuitable for Army use under arctic winter
conditions.

e. Picatinny Arsenal Comments

(1) With respect to the igniter assembly and motor
nozzle separation, examination of 110 of the unfired signals returned
from Ft. Greely disclosed that the threads of two launcher tubes were
stripped. This defect apparently occurred during manufacture but was
not detected during inspection. Firing of one of these signals resulted
in an igniter assembly separation similar to those which occurred at
Ft. Greely. Prior to this discovery, an engineering design analysis
confirmed the design of all metal parts to be basically sound and
capable of withstanding ges pressure far in excess of the normal press-
ures generated. A reliebility engineering enalysis showed the reliability
of the metal parts in question to approach 100% (99.994%). All evidence
therefore indicated that the few failures may be attributed to faulty
perts and/or assembly technigues. Development of more sty¥iugent qudlity
control provisions was started to prevent the recurrence of these mal-
functions. As an additional safety factor, application of an adhesive to
the threaded attachments has bee.. incorporated into the design. This would
mitigate the effect of poor assembly.

(2) With respect to the large number of smoke
parachute signals which failed to eject the message component, it was
believed that this defect was an outgrowth of the motor design changes
necessitated by the failure of the original motors to withstand temp-
erature-humidity cycling, and firing at -65°F. As a result of these
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design changes, the effectiveness of the motor assembly in preventing
excesslve gas leakage from the bddck powder expelling charge was
reduced. Comparison of the test data from Ft. Benning, Yuma, Aberdeen,
and Ft. Greely indicated that the low ambient temperatures at Ft. Greely
tended to increase the amount of leakage, thereby preventing the re-
quired pressures necessary for reliable ejection from being attained.
The recommendation previously made to eliminate prematures (Engineering
Test at Yuma), that is,roll crimping the signal body over a grooved
spacer, would eliminate non-ejections by preventing gas leakage through
the rear of the signal.

15. U.S. Army Test and Evaluation Command Comments on the

Service Tests (January 1963)

The U.S. Army Test and Evaluation Command's comment on
the Ft. Benning test results and conclusions and the preliminary Ft.
Greely test results are contained in a letter report which was made a
part of the Ft. Benning Report on Project No. 2991. The major comments
excerpted from the letter were as follows:

(1) "This Headquarters concurs in the report of the
U. S. Army Infantry Board, except that development should not be terminated
without a review of requirements and consideration of alternatives."

(2) "The reported deficiencies and shortcomings, and
those currently observed during winter tests at Ft. Greely, Alaska, are of
such a nature as to make procurement inadvisable, if for no other reason
than considerations of safety. Specifically, malfunctions in or adjacent
to the launching tube must be eliminated or the tube reinforced to with-
stand such malfunction without potential hazard to the user.”

(3) "It is recommended that the comments of the
Combat Developments Command be solicited to determine whether the require-
ments for subject items are still firm, prior to further development."

16. Safety and Reliability Evaluation (March 1963)

During Service Tests of the XMLLL Series Signals at
Ft. Benning and Ft. Greely a small percentage of launching malfunctions
occurred. These malfunctions consisted of motor nozzle separations at
Ft. Benning (4 of 1,704 rounds), and motor nozzle and igniter assembly
separations at Ft. Greely (1 and 5 respectively, of 897 rounds).

Although the launcher-igniter assembly and rocket motor
were originally designed to withstand pressures considerably in excess of
the normal pressures generated, the occurrence of the launching melfunctions
caused additional experimental and computation work to be conducted. This
work gave further evidence that the design of these metal parts was
basically sound.

A detailed eanalysis to determine the reliability (safety)
of metal parts sgcurity for the launcher-igniter assembly when sub-
jected to the firing pressures developed inside the launcher tube can be
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found in Picatinny Arsenal's Quality Assurance Division Report No.
CAR 6. This analysis established that reliability of metal parts
(launcher tube and igniter assembly) security approaches 100%
(99.99+%) if these parts are produced in accordance with present
drawings and specifications.

A detailed anelysis to determine the reliability (safety) of metal
parts security for the rocket motor when subjected to the propellant press-
ures developed inside the motor can be found in Picatinny Arsenal Quality
Assurance Division Report No. CAR 7. This analysis established that if the
metal parts (motor heéad and motor nozzle) are produced in accordance with
present drawings and specifications their reliability with respect to shear
approaches 100% (99.99+%).

17. Recent Local Findings (April 1963)

In addition to the theoretical analysis, the reliability
of metal parts security of the launcher-igniter assembly and rocket motor
was experimentally and dimensionally determined. The experimental tests
were designed to confirm the calculated results and determine whether poor
assembly techniques would result in metal parts failure. The dimensional tests
were designed to assure that the metal parts met the drawing and specification
requirements.

a. Hydrostatic Tests. To determine the pressure necessary
to cause motor failure at different degrees of thread engagement (motor nozzle
engaged for full 5 threads, motor nozzle backed off to reduce thread engage~
ment to 4 threads, 3 threads, and 2 threads). The average pressure at which
motor nozzle separation occurred were as follows:

(1) Fully engaged, 8300 psi

(2) kL-thread engagement, 7800 psi

(3) 3-thread engagement, 5200 psi

(4) 2-thread engagement, 2500 psi
Since the peak internal pressure generated by the propellant grain is approxi-
mately 1700 psi at TO F, satisfactory functioning may still result under the
worst condition, which reduces the thread engagement by 60%. By coating the
threads with epoxy resin prior to assembly, the pressure required for separation
of the 2-thread-engaged system is increased to 4000 psi, thus providing a
reliable safety factor.

b. Function Test No. 1. To determine if a reduction in
thread engagement of the igniter assembly will cause separation during firing
of signals. The launcher tubes were modified to reduce the threadrengagement
from the normal 3.85 threads to 1.0 and 2.0 threads. Firing was conducted at.

'65°F from the fixture previously used at Ft. Greely during Service Tests.
All 21 rounds functioned satisfactorily.

c¢. Functioning Test No. 2. To determine the effect of
increasing the black powder expelling charge on the metal parts security of
the launcher-igniter assembly. The expelling charge for 32 signals returned
from Ft. Greely was increased from the present 1.0 gram to 2.0 grams of Grade A-5
black powder. Firing was conducted at-65°F from the fixture previously used
at Ft. Greely. All signals functioned satisfactorily.
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d. Functioning Test No. 3. To determine the effect
of a finer granulation black powder expelling charge on the metal
parts security of the launcher-igniter assembly. The expelling charge
for 31 signals returned from Ft. Greely was modified to 1.0 gram
Grade A-T black powder. Firing was conducted at -65°F from the fix-
ture previously used at Ft. Greely. All signals functioned satisfactor-
ily.

e. Metal Parts Inspection; Inspection of 110 unfired
silgnals recalled from Ft. Greely disclosed two signals whose launcher
tube threads were stripped, thereby preventing any appreciable thread
engegement to the igniter assembly. It was apparent that the threads
were stripped during mahufacture and were not detected during incoming
inspection. Firing of one of these signals produced an igniter assembly
separation of the type encountered at Ft. Greely.

f. Conclusions: All findings indicate that the design
of the metal parts is basically sound and that they are capeble of with-
standing pressures considerably in excess of normel. The findings also
indicate that the launch malfunctions encountered at Ft. Benning and
Ft. Greely can be eliminated by tighter inspection procedures of the
metal parts prior to assembly.

18. Second ST Review Meeting (July 1963) As directed by
U. S. Army Materiel‘ﬁaﬁmand, an In-Process Review (Service Test) will
be held at Picatinny Arsenal on 2 July 1963. The review will have the
following objectives:

a. Establish those characteristics found deficient
during service test which must be corrected prior to type classification.

b. Determine the latest military requirements for
signals, nemely, hand-held, weapon-lsunched or both, together with a
confirmation of requirements with regard to:

(1) Altitude
(2) Number of colors and types of signature
(3) Smoke streamer characteristics.

c. Establish what must be done to meet the determined
requirements.
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IV. GENERAL DESCRIPTION

1. Physical Characteristics

The XM1L44 Series Signals are essentially self-contained,
spin-sebilized, hand-held, rocket-type, ground-launched pyrotechnics.
Each signal consists of three concentric tubes: an outer tube, which
1s the protective container, a middle tube, which is the launcher
tube with an igniter, and an inner tube, which contains the rocket
motor and pyrotechnic components (Figures 1, 2, and 3). The pro-
tective container is for shipping and storage only, and consequently
ig never removed until immediately before firing. The middle and
inner tubes comprise the signal's complete assembly.

‘The major units of the btar parachute rocket assemblies
consist of a parachute assembly, illuminant assembly, delay assembly,
rocket motor assembly, and signal body. They differ only in the
formulation of their illuminant compositions, which are designed to
produce different colors, green, red, white (Figure 4).

The major units of the star cluster rocket assemblies
consist of five individual pellets , a delay assembly, rocket motor
assembly, and signal body. They differ only in the formulation of
their illuminant compositions, which are designed to produce different
colors, green, red, and white (Fugure 5).

The major units of the smoke parachute rocket assemblies
coneist of a parachute assembly, smoke assembly, delay assembly,
rocket motor assembly, and signal body. They differ only in the
formulation of their smoke compositions, which are designed to pro-
duce different colors, green, red, yellow, and violet (Figure 6).

The major units of the smoke streamer rocket assemblies
conslst of a smoke ignition assembly, smoke composgition consolidated in
the signal body, and rocket motor assembly (Figure 7).

The physical characteristics of the above assemblies are
shown in Table 1.

2. Componént Description

a. Launcher and Igniter Assembly. The launcher and igniter
assembly previously developed for the M131l Red Star Distress Signal was
adapted for use with the XM Series Hand Held Signals (Figures 8 and 9).

The igniter assembly incorporates a pull ring firing mechanism and a

black powder expelling and igniter charge. Because a smaller expelling charge
was used, the cavity was reduced in volume with polyethylene fillers.

The black powder charge is ignited by a No. 68 Remington percussion

primer which is pressed into the assembly housing. A gas check assembly

29



located at the base of the launcher tube minimizes gas leakage

around the signal body during ejection. The launcher contains two
spiral grooves running the length of the tube. Two pins located on
the rocket motor ride in these grooves during ejection, creating in-
itial spin of the signal body. This spin is required to provide flight
stability of the signal up to the time the rocket motor takes over.

The outside surface of the launcher tube is knurled for & length of
5.2 inches at the igniter end to make it €asier for using personnel

to grip the tube during firing.

b. Rocket Motor. The rocket motor consists of two
steel screw-fitter parts, a motor nozzle and a head closure. The motor
nozzle contains dual canted nozzles to impart spin to the signal during
the burning period of the propellant charge (Figure 10). The head
closure functions not only as a closure but also as a spin mechanism for
imparting initial spin to the signal by means of pins which protrude
through the signal body. In addition, the head closure for the star-
parachute, star-cluster, and smoke-parachute signals incorporate a
threaded slot for attachment of the delay column (Figures 1l and 12).
The propellant charge consists of a single-end-burning HEX-12 double~
base propellant grain inhibited at the outer periphery and one end with
ethylcellulose. (Figure 13.). Rapid ignition of the propellant grain
1s accomplished by an igniter assist consisting of two strands of
Benite and first fire slurry bonded to the nozzle end of the propellant
grain. Functioning of the rocket motor is accomplished when the hot
gases from the black powder expulsion charge pass through the nozzle
and initiate the igniter assist material. This material in turn
ignites the exposed face of the cigarette-type-burning propellant grain.

c. Delay Assembly. The delay assembly (Figure 1k4)
is designred to burn for approximately 5.7 seconds to allow the signal
to attain an aversge height of approximately 770 feet (vertical firing)
prior to ejection of the parachute or cluster assemblies. The delay is
obtained by & pyrotechnic composition consolidated in an aluminum
housing under a pressure of 36,000 pounds per square inch. Igniter com-
position is lorated at each end of the delay composition, at one end to
assure ignition of the delay and at the other to assure ignition of a
black charge. Initiation of the delay train is accomplished by two
strands of first-fire-coated quickmatch which are ignited simultaneously
with the rocket motor by the launch black powder expelling charge.

d. Rocket Motor Assembly. The rocket motor assemblies
incorporated in the star-parachute, star-cluster, and smoke-parachute
signals are identical in appearance but differ in the weight of black
powder expelling charge and length of propellant grain (Figure 15,
Table 1). They are completely assembled prior to insertion into the
signal body. Assembly is performed by the following operations 1in
the order listed.
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(1) Propellant grain assembly Is inserted
into closure head.

(2) Motor nozzle is assembled to closure head.

(3) Spacer is secured to delay assembly by
staking and cementing.

(%) Neoprene gas check seal and pregsed felt
gas check wads are placed on the delay column. The purpose or these
gas checks is to prevent the signal rocket black powder expelling charge
from being prematurely ignited by the hot gases and reaction products
produced by the launch expelling charge and quickmatch.

(5) Delay column is assembled to closure head.

(6) Gas check is cemented to spacer.

(7) Black powder expelling charge is inserted
into cavity formed by the gas check wad and spacer.

(8) Bond paper disc is cemented to the gas check.

(9) Required length of quickmatch is inserted
through opening between delay column and closure head and secured in the
required position with permacel tape.

The smoke streamer signals, which do not incorporate a delay
column or signal rocket expelling charge, requireonly steps (1) and (2)
for rocket motor assembly (Figure 16). The rocket motor assemblies are
t hen inserted into their respective signal bodies with the two bosses
of the closure heads in line with the two .20l-inch-diameter holes
located on the signal bodies. A soft aluminum pin is then force fitted
into the opening of each boss to the required dimension.

e. Illuminant Composition. Illuminant compositions
burning green, red, or white are shown in Figures 17, 18, 19 , and 20
respectively. Identical compositions are used for the red and green
flare-type and cluster-type signals. The white burning compositions
differ for the flare and cluster type signaels.

f. Smoke Composition., Smoke compositions producing
green, red, yellow , or violet smokes are shown in Figures 21, 22,
23, and 24 respectively. Identical compositions are used for the smoke
parachute and smoke streamer signals.

g. Illuminant Assembly. The illuminant composition is
consolidated in a convolute-wound kraft paper case (3.T73 inches long by
1.34 inch outside diemeter), with bottom case recessed 0.5 inch, under
a loading pressure of 7,500 pounds per square inch with a stepped ram.
Tgnition of the illuminant composition is assured by an outer lgyer of first
fire composition consolidated with the first increment of illuminant
composition. Ignition of the first fire composition is accomplished by
an ignition charge and a quickmatch assembly, their purpose being to delay
ignition of the illuminant composition until the parachute is fully
deployed. (Figure 23). A parachute hanger assembly is attached’to the
case by roll crimpling the case over the anchor plate.
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h. Cluster Assembly. The illuminant composition
is consolidated as individual pellets to the dimensions shown in
Fugure 26. In order to meet the required burning time and light
characteristics, each pellet is inhibited on the outer periphery
with glass cloth thermosetting electrical tape (Figure 27). Each
signal contains 5 pellets. Ignition of the illuminant composition
is assured by coating all exposed surfaes with a brushable slurry
of first fire composition.

i. Smoke-Parachute Canister Assembly. The smoke
composition is consolidated in & convolute-wound kraft paper case
(3.73 inches long by 1.34 inches outside diameter) under a loading
pressure of 4,000 pounds per square inch with a stepped ram. The
required smoke cloud is obtained by providing & tapered hole through
the center of the composition to allow for radial burning. A fire
clay choke at the base of the column physically protects the smoke
column and also prevents flaming of the smoke composition (Figure
28). The smoke composition is ignited by coating all exposed surfaces
with a first fire slurry. A parachute hanger assembly is attached to
the top of the canister by roll crimping the canister over the anchor
plate.

J. Smoke Streamer Case Assembly. The smoke com-
position is consolidated in the aluminum signal body under a load-
ing pressure of 4,000 pounds per square inch with a stepped ram.
The required smoke trail is obtained by providing a tapered hole through
the center of the composition to allow for radial burning. The burning
composition exits through eight 0.375-inch-diemeter holes in the signal
body, arranged in two rows of four holes located at the base of the
smoke charge. A fire clay choke, at the base of the smoke column
physically protects the column and also prevents flaming of the smoke
composition. Ignition of the smoke composition is accomplished by
two strands of first-fire-coated quickmetch running the length of the
smoke charge. The quickmatch is ignited by the launch expelling charge.
Thé assembly is closed off at the top by roll crimping the signal body
over an aluminum disc and at the base by the rocket motor (Figure 5).

k. Parachute Assembly. A circular-shaped canopy
made of nylon cloth with a diameter of 24 inches is used to suspend the
illuminating and smoke producing components. The parachute has eight
peripheral shroud lines approximately 22 inches long mede from nylon
cord. To facilitate proper deployment, the canopy is pleated at each
point of connection to the shroud lines making & total of eight pleats.
All eight shroud lines are joined to a 10-inch-long beaded suspension
chain through a coupling. The othexr end of the suspension chain is
Joined to the hanger assembly coupling. The parachute is packed in a
cloth bag to delay its deployment until after the illuminating or smoke
producing component has passed by, thus preventing damage to the canopy
or shroud lines by the hot reaction products (Figures 29, 30, and 31)
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1. Hanger Assembly. The assembly is attached to the
1lluminant case or smoke canister by crimping over an anchor plate. The

parachute assembly is attached to a coupling anchored to the plate by a
cotter pin.

m. Launch Expelling Charge. 1.0 gram of grade A-5
black powder is used to expel the signal rocket assembly rocket assembly
from the launcher.

n. Signal Expelling Charge. 1.2 grams of grade A-3
black powder is used TO expel the perachute-illuminant assembly from the
signal body. 2.0 grams of grade A-3 black powder is used to expel the
1lluminant cluster assemblies from the signal body. 1.0 gram of grade
A-3 black powder 1s used to expel the parachute-smoke assembly from the
signal body.

3. Packing Description

Each signal is hermetically sealed for shipping and storage in
an appropriately marked, cylindrical steel shipping container (Figure 32).
The signels are shipped and stored in wooden boxes. Each box when
fully loaded contains 36 signals, weighs approximately 65 pounds and
requires 1.6 cubic feet of space.

k. Operation and Performance Data

a. Preparation for Use.

(1) After each signal is removed from the shipping
box, its protective container should be examined for possible damage
resulting from transportation and rough handling. No attempt should be
made to remove the signal element from a damagedcontainer since a pre-
mature firing may result if the pull ring is wedged inside the container.
All seriously damaged signals are to be returned to the appropriate
Ordnance Ammunition Depot for disposition.

(2) When the signal is to be fired, the container
is opened by pulling a centrally located tear strip extension until the
tear strip is completely pdeled from around the container. The signal
is then removed from the divided halves of the container. Since the
signal is not waterproof, it is recommended that it be fired immediately
after removal from the contailner.

b. Method of Operation.

(1) After removal from the shipping container, the
signal is fired in accordance with the pictorial instructions attached
to the launcher tube, (Figure 33). To fire the signal, it is firmly
grasped at the knurled section with one hand, while the other hand
removes the aluminum cap at each end. The firer is cautioned to hold
the signal upright at all times to eliminate any potential hazardous
situation 1if the signal 1s inadvertently fired. The signal is then
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pointed in the desired direction of fire while being held firmly at
arms length with the base of the signal at approximately eye level.
With the other hand the user grasps the pull ring which is hanging
freely, and gently pulls the safety latch to release the striker
assembly, thereby firing the primer, which in turn ignites the pri-
mary black powder expelling charge. Hot gases from the burning of this
charge build up sufficient pressure to expel the signal rocket assembly
and ignite the propellant grain and quickmatch strands.

(2) For the star-parachute, star-cluster, and
smoke-parachute signals, the burning quickmatch ignites & delay column.
After approximately 5.7 seconds, at which time the signal is at the apex
of its flight, the delay column burns through and ignites a second expell-
ing charge. This charge performs two functions: it ignites and ejects
the message component. The star-cluster, which fall freely, burn for
approximately 8 seconds, burnout occurring approximately 200 feet above
the launch site when the signal is fired vertically. The star-parachute
consist of a parachute-suspended candle which burns for approximately
50 seconds while descending at an average rate of 7 feet per second. The
smoke-parachutes consist of a burning smoke charge suspended from a prar-
chute. Because of the nature and rapidity of burning (approximately 10
seconds duration), a smoke cloud is produced in the immediate area of
ejection.

(3) For the smoke-streamer signals, the burning
quickmatch ignites the smoke composition which emits & smoke trail from
launch to apex of flight.

¢. Performance Characteristics. Performance character-
istics for the entire family of signale are shown in Table 2. Detailed
test data and user comments can be found in the following reports
covering all engineering and service tests.

DPS-375, Nov 1961, Aberdeen Proving Ground
DPS-4T9, Feb 1962, Aberdeen Proving Ground
DPS-555, May 1962, Aberdeen Proving Ground
DPS-558, Jun 1962, Aberdeen Proving Ground
DPS-6T79, Sep 1962, Aberdeen Proving Grourd

Report 2291, U. S. Army Infantry Board

DPS/OTA193, Dec 1962, Aberdeen Proving Ground/Yuma

d. Precautions In Use, Handling and Storage.
(1) Use and Handling.

8. The signals are designed and packed to
withstand normal rough handling and will function satisfactorily if
reasonable care i1s exercised in handling them. However, no attempt
should be made to remove a signal from a damaged protective container,
or to fire a signal from a damaged launcher tube.
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(b) Tests have shown that the signals will
fail-safe when subjected to a jolt test as per MIL-STD-30C, jurble test
as per MIL-STD-301, and after air drop by malfunctioning parachute.

It is not recommended, however, that Signals which have undergone these
tests should be fired since hidden demage may have heen
incurred, thereby creating a hazasrd to the firer.

(c) When the signals are fired, regulations
prescribed in AR-385-63 should be followed.

(2) Storage. All signals should be stored in
accordance with Ordnance Safety Manual ORD-MT-224 with its supplements
and amendments.

(3) Classification. ICC classification for shipping
is "SPECTAL FIREWORKS."

5. Comparison of XMlhlh Signal Series To Other Types of Signals
For purposes of comparison, the ballistic characteristics
of the signaling elements for the XM144 Signel Series, M125 Signal Series,
M131 Distress Signal, Aircraft Signals and Pen Gun Signals are tabulated
in Table 3. Since the tactical requirements for the M131, Aircraft
Signals and Pen Gun differ, a dlrect comperison can only be made between
the XM1h4 and M125 Signal Series.

35



{8ayduy)

lg* .—- - Seemececcsecccccannon I939me1Q
( T -oN #jox @3g)
“ 1 SU'T ======oemmem el GO'T =svomsmmmssmcses . 1100 B (ssyauy) waBuog
R T 99%d ITQROJ ‘BUTUMNG PUF= -+~ memccmeccmma e e mcccocmecmm—— e e oaa odAy
Juvyodoig
- ——— memeerecccccccncee e S et L LT T TeT L3 el
JOJ0W 19%d0Y
ctcenescaccaccacan WNUTENTY  c-=coeccettmuc e tcccracacccceccecaremracnacmccaa TeTI93 e
suld
(sowour)
——— ——— ———- m:..n - ——— Jajmerq
S et mcemaccctccacmnccecstcrercete—eccccmme——————e l'g  cememee- (saudur ) gaBuag
........... -==-=e- WUTENTY 97138
£pog Teudlg
69°0 €0 €Lo €l-o 19°'0 19°0 190 19°0 oL'o &lo €L'0 oL°'0  69°0 €L'o (satr) 3uBren
£1quassy 33)c0y TeuIig
13pa0d YOwTg G-V apsad wead o' 98awy) PuiTiadxy
........ - ==-- g9 ‘ol swxy uojBurwey =-=- - T3Pk
- —-- Radd B e et L T ST gy U odAg
Joulad
- —— on'o (8q1) zyB1an
cecmerrcacrccera——— - nw.ﬂ - - Tuoso:: X33 amerq
.......................... g6 (saysul) y38uat
e T wurmry Bttt D D e et CLET PR RS 1el1131 88
A1qmassy 1ayoune]
6£°1 Nt N1 &1 €1 €1 €1 €1 o't on"t 1338 ¢ o't 6E°1 €T (sq1) 2usrapn
.......... - - T s 61 - D e D it (eagout) xejowwrq
........................................................................ 997 0T m = oo e e e e (s9uour) u3Buag
23U 8IUOS
P ddygs Toa3g/A)
Tquaesy s3atduoy
M SSTRX  4STRX X911 ¢ KX 26T TSTNX 0STHX 6D gyTMX Ly IYTHX  SHTWX X
Iaxowg sxowg  Ixomg aowg ayomg IYouwg  syomg axomg Ig Iing Ing g g g
IBTOTA MOTTSX pay uaaxp I910TA HOTT3X 3y usLp A Tum 3y uaazp TN oy usaIn
IMEDIG NRnyosIng Iasard Nngovrag
STXION

SOTISIHALOVIVHD TVILSXHd

T T18VL




S9T

*quauoduod IROWS puw IIE[I JO IOTOO Iwmixoxdde 03 padiwyd aq 03 Adouwd Jo JOTCD

$91

*891TquOEEY § SUTWIUOd TwuBIs I93EMT) Yowy

-sTwuBTe 1% J0J Y3BusT ures? mIoJiun apraoxd o3 YBual ST°T 03 pPafusyo aq o 1

Japaod joerd

==~ Xapmod NOW[d £-V Ipwrp wd 07 €-v pwa) wmB o' -------

9e 62

SE'1

2 9 xoxddy--eveccemne
.......... Apog wuBIg wnuiwnTy

‘€ *oN 930N
*S "ol Moy

“ON #30K

3BIwyp Fuj1edxy

(€ -ON aj0N
39g) I0T0D
(saqout)
J939werq
TST I3 eH

dInyoBIed

(ous)
€6 66 ufTapn a8awyd

611

~=--Jxadug

99TD----

9°0
adeg

B O

--2 "ON 90H 93g-=-~

ad uorjrsodmo) 1931uBI 06

2'1 (saqour) ae3e
-weld a38awy)

(8ayout)

L*2 xoaddy-- yiSuay adawey)
...... JIaded 3FeDI---TVIII0N 38W)

A1qmessy
aYowg 10 JuBLTWNITI

|

14 uor3isodmo) Lelaq §9E onst -

Zaddn

%

-dmo) 193TuB] pessaad 03 paadIng ‘dwo) xa1ull sSw of - xoxddy fpessazg ‘uorjysodwo] Ia31udy su Of

== unuieaiy

uren

JIM0T
mwhlﬂo

TeT I8
Kqwsssy Aeraqd

(sat) 3uBrapm
(sayour)

( T ‘oN #oN 33g)

1g°

Jsj3amerd

- <01

9sweg aTqnod ‘Buyuamg puy:

(s9qour) yiBuag

9dAy,
JusTi2doid

TOTISI W

D0 39300y

TeTI93 e

sud
(9agout)

J333WeE(q

--=(sauour) m3Bua]

U195 8N



- ---- (W) Paa1d pusy

ome- e mrem . -——-—- ereemereme——-— OOH.m - F T L L L T T

(W) poxtd

....... - 0 N B e axnyxtL:urds 3TZZON

.......................................... 06 mmm=ssssessesees-e Rt (o95/1d) ‘paatd puvg

(095/34) ‘paard aanyxtd

- ~eemmcsccssccccmensa—n e mceeeee SIl =r-----=-csee=-ecccmccucccecsceccmcceccecrenreencanceoran A3700TeA ITzZnN IBuLaay

(09g) uop3pusx

urexp juerradoxd o3

..... 9620° 0==== mem——— -- BuLaTd woxg Sull dFesaay

(-09g) 11093y

.......................... - gl0° ==-==- -- cesmecececcccccancrennsanee JO awWy], uot3dy IBuxdAY

-- ---- B e DL L P 9€2 --- -- ---- ~--- (8qT)-uwaN ‘TTOOaY IBerIaay

............... 0 R e (8q1) XN ‘TT023Y aBeaaay

................ $2g ===mrmmmmmmmmemm= ———————a- —————- QLL "emmmmemmmesmomesooeeceo-eooo—oooooooeeo-ae (2d) ‘peaiq puey

026 === ==-- 0§ =mmssesessssmssssse-osocsoeoooooooo - (3d) ‘purd

aIm3xtd woyjdoung

30 IPN3TITV dBeaaay

ns* Ll 95° e INTRA XOTOD

000°06 000°6%  000°22  000°Sy  00g*Ol 009L (setpun)) L ysusjur

snoutun] afexaay

() 19 S8 gL S0t 9°6 g0t 20t ¢'g 28 ¢'g gh 4 €S (o9s)amyy Buyuing sBwIsay
=KX SOTRX HSTRX £5TRX WX 25T TSTNX  OSTHX 64T gHTIX LyTRX gHTNX  SHTWX THTNX
oxomg axoug oxoug axomg asomg axoug ajowg  aowsg Ie1g JW§ o5 I35 818 I838
33T0TA noTT3X vay ©adID 39T0TA  MOTI®X pay uldxd ) TuM pay udaIf 7 TUM pay us3Ip

I2WEIIN G ajnyouIed Ja3snid jnyoBIRd

SOTISTRALOVYVED OLLSITIVH
2 TNEVL

37



“39TOTA (A) fMOTTOX (X) fo3TumM (M) fpay (N)

fusaxd (D)

:9poY

*I9YOuUNe] SpBUSI) LW WOIF PAITI 9Qq UBD ‘SUOTIBOTIIPOW JOUTW [ITM H
*I8q8 TENPTATDUT UoeH  °§
*89T198 und usad ur TeuBTs aod amys T
‘997198 1JB8IOIT® TBudrs aod siwls 2 I0 T ‘sataas GZIW pue soTaes HHTWX ut jussaad ysuBis xad sae3s ¢ ‘e
A1T80T3a94 paxTd  °T
006°‘E € (M)
0052 v (9)
005¢2 4 (9) 062 pusH € und uagd
0002 ot (X)
00062 ot (¥)
00062 oT (d) oSt 103814 ST 3IBIDITY
000 ‘0T ot (y) 00ST pueq T TETH
--=- (Xx) 000‘En g8°9 (M) 000 ‘0% e (M) -
=== (¥) 09 71T (¥) 0004SE 9°9 (¥) 000°¢L 9 (y) 00. pusH 1T
--=- (D) 09 1t (9) 000 ‘ST g (P) 000 ‘9T ¢S (D) CCTH
S°L (A) 09 S0T (A)
S5l (Xx) 09 9°6 (X) 000 ‘06 ¢'g (M) 000°SH gh (M)
¢'g (¥) 09 2 0T (¥) 000 ‘6% 2'g (¥) 008 ‘0T ¢S (¥)
gL (D) 09 2°01 (D) 00022 é'g (9) 009°¢L €S (D) o]} yPUSH uts HHTHX
Aoomv (099) [(€ED)) (s1PD) (o9s) (sTPD) (°399) (2d) .mw:ﬂ 90TASd  STeudrg EEY T
Jmyy, uorlBImq autg mnmaom auWTl, Jamod aur g, ~uorjzoung Bulartg Jo Teulrg
Butuang ayowg Butuang -3TpuUB) Sutuang -9Tpus) Jutuang Jo Jaqumy
JISWYaI3 g ajnyosIed ajoug 23S I83S ajnyovIBd 18319 SpPniTITY
ajoug c uMWEXen

SEOIAAA DNITYNDIS SNOIYVA 0 NOSIMYIWOD

€ aIgvr



Llquiassy 39300y TeudiS 3 A[quiassy zayosune] ‘zourejuo) Surddiysg jo ojoydg

1 @2an3t1 g

39



1L AN T DR SMORE
/ AS3ERBLY 1P-( s5€ maur)

I+

e

R

] i
P H O
(SR L
N i “lﬁl“l

Aoy ao XP-(see TABS,

40

Figure 2



¢ Jandi g

i
K]

|

e \\Hw.\ FYIIHS

T ES-L-14 ITaE XN/ TIINIL®
B 29 0 BE0LL W I3V INIEN TINIIS N8 IV Vel NI §1 Lt NINN JIVL NG SWILATT 12 wILS F,
m 4005 UvHOR0 | COIF-T-is IT4Y WNI VINTLS BECLL W #ICTH Wi Wik wowr § S4FLidFT wirm /

NPT B TYNIIS 4O TNT wirW TTIWIHS 17 ONT 04 Fa VL SNATddy DL N0/ b
B TS TEaNVLIONS
(F7E3d 375) X O d7vd QIALULEY WO TN AIRIAAGE MIN 83 TIINWURS 40 LIPTON EIWING § £ 717 §3-d $4 TIIVW4YS 1 JaPL -F (T

NPT BTN 5 X RS 101-4-PP IVdS "B Fad s ‘TINNND FavL -2
BT Vedv 05SE-3 WY IiaS -1
- 3400

PP g P T LS . eI T T TR M‘
Lrérpn 7o 174l S W T &S 2 1743 5 vO4YS V43 £ G5
LT I ILS O TS
$E v I I A s A S S #S PP
T M T T e WA ML R \.s\(.‘mnu!}\
'!I-\L.\* on !«0 .‘ﬂhu g\\l oV SAg
oy » s Y LIve O 792 1 DTS 7" S
s oy IV IWIVIT G T vLS 1 ¥3678 774
(Fr0vL 735}
o 7. 7
\0J||' »098/7-04 178V N
2 .
T e
&3 02
o3
SWr Tion 78 ~$¥ 7 yL00 2IF
E_ =

SESE/ N ATTHISSY
VB W Nt P SOINI-dX 174V T

_ o

®

* Tian IXE

LN

- i —
SASES - AX 91507 HAOT — 8T5E1 X WIS \

LIFSEI X O1/SDITT .Q.u:uv

T/ e w) I B "viIG] 2

FarFrr] 27700 s2m ¥ Bere: shar] @

4 A NIISTOL ¥

=1 —— =
— T

41



y aan3drg

1 = =lq =] % iy
O0REOI-dXi=zl T PSSy ==
sauc0 suevmano | 74N MY b SIS s
FAIHM S -NX
—
O0£E0/-dX ON LI
, WOLISOF S0 270,06 NMONS ON0I -L
WOOT WINT SF ROFARY VLM LONY FNIIMPE ¥ DIISF ATOF TYVSIS A INP UOINIVI e WO OH0I A1 F¥NIIS -3
N WSS 2y MOTTE N 03° T8 Pd TWF5 XWI5 W75 ‘QWMK\\\\Q ¥ FoIRodd
. . @i ATOWISSY U 7LV NUII 40 TIOT LY L W04 ¥ "SL@LE ON TLINM® LEC~S 04 NFTHT
R O T WO PID P IVT el NE L8257~ 700 DTS STAIIWT 35 dliN F577 77777 Ml IWSANS SIML 4772 5
SNISNTWAT IS INL LI77W OL OFHIODTY A RTETHT, N NILAY TIINT2Y IF 0 SNITF U WIINF T~
. AIGIWIS SV LV QW\lﬂ\\ TANTOII NI STTON OUINI SNl S 41 TINOA - &
PRSI NP OV DL TSI TLASIY NS INNINS TNV SNIQTOS 40 (10M1 IN 301 -2
ST/ IIV TSSZ-9-TA ITIS -1
- s3.40%
£ STLON 775
ZEG# /- X \
ATINIS SV INTVOT FCUON x/ = XvW0OE'§ —
\nv/ )H'./ :
, N ey
L \D/B 881 )
| o) WW m e
i
N /L,\\ \ RY Y g -
/G\ & m =
ZOL# - FIAOF
(SOFSHOMNTTS]
£62697- X M- T~ N
Lerptl =X .
NN WD AFIIS— 694 1-0X ATGRISSY \
TEVI INVNINITY
7S 2UINITZ)
06260(~3% 4931955 —
£ [ d7onIw3 1iv13a Nm 162600-0X T2, 9/5 4726
2l D el w WAL YITN] £
>
=T — =
00E80i-dXa

42



g aan3iy

-
- S verewy
. CY -
ATINTSS b Ll 5777 a—
2INIOY F¥LS =1 s
0D TMNN0 | NTTY9 L/-WX =
e
N s
X _ CHI2I I - Y ON 2oves
W AOWISTS SIIPPIT
TEV2 UV NIV w Bk LKV - A D
~ 2T Tyt FIT 4 INI e
~ D A VLE TSN GE A $ixd AN
Nl Castse dmaerr Fowi s Avn 41770
N SIS T2 0B 3 YIS PIM ST I IS
» 223373 SUS O GFO-NX s
N - 24
&
Nﬁ- -
—
&~
~
n“\\ A
=
ST MOTIE Nk [ T Ou TWIS MHDS IVIS INMDAINT ¥ FILIYS Dk AVTR PSS 7 Gl W IHCT oD TITT W ATt ¥ "FLUCE 777 TLINE Y
.ﬂn\\\h Ot ATTYD OE1 16 ON 24 " WOTOT T Iw S/ Pal ¥ NI LOETD!- 7= T D 70'S Wh.\au\u TAVHLIN FSETITTIS HLIM Poe s \nf» St 4 v\qmn *
BN/ ST FSIHL LTI %Y TIITE T 1 S TMTSEY NS CTNTIY 76 0L 1190 WdTT £
K TOWISS LV IFISTTI OVIN i §7 *0% QUNI Sk & 144 1905 -
SRV S557-9-7W Q2B ~!
- SPLION
P rvw 008
ZOLOVI-SX GIATT
| =
e T 1
—l a2
s EET
- . — — —
e . e 1§ Sl >
T —
AY i AN /
R // s ROV I78) O\
\ ! ~._ ~ 06260 -o/X YOI IVIS
ETTS1 s AT Ty ST 0 v | ~o .
Gr; \ , .
= | FE1111 ~agh ATEWISSY S1IC¥IT
(69 & 720 T75) S62601 - o X Nt ~Z - | ¥ILSNTI NIial -
! EX
£L6¥11-aX ATENISS™ N3IHI SvH—
P4
W% 27WYNI TIviIT | o >
Cirar I TTT LT =
D ¥ 4] ...« T mnwws vevsvol ¥ . . .
3 " (n. I SR e AT 7] — ORI )Y FILSTTT T8, 5 AT
et m;n,.. S7EHvwS ST 8 STVLIR 3
ALy~ © S-e. " IT P
A KRN NN
N — [=]

43



9 aaIndryg

R
o
N
A )
3
S
N
> ABEIOY THOmS NEIWD RS1-NY P
" -~ 24N
TWUILIIOW SO AP B NMONS TUE)  Lin.
AOOT MOV PV NV Nive JOWY GITHOR ¥ BINIH ATED TINID OL BYE RLNINN NO TWD SN BEIEE - /T
e
- N
R
ra
-

“QETI ~HC N BNO Ot YIITY FLINICE O SN/ NI ONY SN TI0A 248 TINLIIN VIS t“' 7
‘S IV OSFL-9- VW INS - T
STV

1ZSE1/~dX ATANISSY ONITVIT ¥ OLON ¥ W SUCH uwn\

-85 -

(23200 335,

e

»
1eoW 13%)
200 ~#i  pm--
{

&‘\h‘\s AIOT

/

e
=

(oW o Jion 225) 4
£€260/-&#X Nit-2-

EVEVII-odX ATIWFS3Y
ANCISNIAS S & =5.5. NNV
// : .
ROK \
\ S ILON PTS]
LEIP Y 95.51/-¥ TINOIS AT08 PGS ot fadts- AT
N2 W) SVE @ I IALS -

/

aIWWI TIvd T
T ONTN YINSTH
exeak s w0
| B WA
e I B e e e
2710 & TIIIV LON
L o NN b
4.5 . TS vee3 T W VIS

Jda o Wufa

STEV SN
[N
fa

I

44



2 dan3ig

I ﬂ L CXi w “‘
=! . T
A 7IWISSY i el g7
“ - 1 MINYTYLS .Il..hnl.llhﬂ.m
SO0 JONVIONO TXONS =
? = i
> (F 796t FIS) X O 490
g
R L . WEIT TN
\\;\M\l k‘h\x\(k ‘ht.\n‘\m.\ﬂ Nh‘\\-
11nd ¥ BTSN EE9 P17 \\_u\b\\ N NA2XS
9050107 996 477-073079 517~ o7 G000 IHC_ T7X |
ON LI DY INIRVIE DY I BY M &0 79D
VASYY ST~ STAVIELS IR I55 Y TIAYIYLS IINETVIS L
y v SIS I W Ty PIIT F I SNIG AT WM. 90iFT -8
SNOSNINIG Tr T S II 04 ﬂ.ﬂ\\\‘w\\tﬁ.ﬂi\ kbﬁ Q“\\\ Qi“hi‘ﬂ\h AT ﬂ\*\“ ~5W*\ u{i\xﬁ dr S NV\\ iy -2
“SPildaV 7452-9-TwI7a S -/
) - STIMN
» TOLb/ /- SX HTAQ?
ISE#I1-SS ATEWISSY INIQYDT FOLOW yV
NN
i<
-~
o
d N
x mw
[}
nm R
Lo/t g
- §.
AN 3t
2 18%
i
~
~ / SOLWII-dX ABNTSSH ISIT YOWINY — .o
° (& TIINV FF5)E62601-SX NS -8 —~ :
2 L I0L#rI- S 4TS ISIT -
2 /
3 / $EERI X W50TDISIC =
. (TIVL TS} / TOMTISY INTYOT Y IW SIS FVONS —
m. X pad TN ) s | T
L & osava sww] 7]
[ e T Wi IT) @
WL ovem 77| v
o ) — =
S Am—

45



g aan3rg

0w | //3 v

i
o

= il.nl.- Eﬂlﬂlﬂm
lf!‘l\\ A~ — Ay vae
oy i 203538 | L ST VITULNG/ \Gpr e T UN TS

|
i

(2 T
G ES/ SN I <3S

i

-8
SH s O5SE-G-TIW ITHS -1
- STLON

‘ o . . PR ORIOEDE I INT FTIT 1 I 74N~ IAI FANS 0S¥ o
Ty 2 CHINL RS D5 vad V¥ SINII L YOS TITAE I/ IS SAYY SIIL SIS S L7700 (ISCS) 9 DV TS NIIN NI =&

(2 HON 775) YN

= e

46



6 2an3ig

[« =7 2750 ¥ I
00 300 | TV AFHINOY

SEGE X Loy

SELE// ~IXT

“TVROT VIVILNVLSENE CTAONLIY HO V71 LINNXNUN ‘STUN TYWINID 10 LINT0we -3,
CTUNOT TWILANVLE QAT QEAONSAY N0 AN"IE AN'ZAY FI5 WS W) TVIININD TYINE 10 1IATONet m',
VY AT [ Selindatatatutuibatainauialaiy (3 ZLON TX5) 091 OX CIWNVYS€IA (/
M [ ainiuieintieii e by’ (5 Jionw TIS) 829 NodT
LNAIM A SLWVS - FWALATH_FASITHTY - @
LRM VNN S TLON TIS) TURLK K TAISTNTY NLth TV WIS SMLOVING) THL WiLw0s i
AYORIEIV WTLINS 0L JUNITE ONE "QWLIN TTRVLIAS ANY INIST TESEI - X SHITVVIS FT MY~ o \5\
.. . HTUINIYT P4 ATOWISSY IO TO CARE - 0-Vipw I 7S
T Hds TS S INOV XTI MM ATIWESTY A, VIS 24 s e WS T3S Guw 7
BT WP SIS TS OIS NIOMOS 7 IV TR MV G/ 7 Cacicl ¥ WLl CwO T B -
S IrdV 2FSZ -9 IFLS 1
@, 2y 7114

\ Z
NP .
\V.MM HQV O QSEN I KTBNI Y STU 1D
(o 2400 775) l/

/
/
265E11-oY AT TUS-E—

®

=
7

/ \ /lh&.b.\.\x HIIVD SYE Den .

\ /l QZEF17-d¥ 225 TSN &

\ ; AL AN ~ N IINT YT 8L
SES5/ -V VU5 2SI ’1
F- - v
R TITE sr s IO T

S i A Tend W i ¥ TR0V 725 5

A oxAwg

.cr.gw-dxa

47



01 dan3ig

P o o o1
; = 200+ 310
)

\. — SV O l
b_.ﬂw :

OO~ C»O"

-5 00"+ 090"
~
©)
N / & J4O0V FIT
-—Wg 0000/

T il FVen) MWUVID? £27S| O
T “m.r. SToNI 16170 &
H ’ O v

= -

IV Ot AT S M
TIINNI FLO

e
SROWA

) o om | = rem e s G TV 72 —

= ——
TN ¥3A00 f T o =
wnsiown | TZ2ZCHN HCQLOW _ raun =]
SJH0D IONVNGHO : R — =
INGEHY ANMAYOM i = e

60/ ~aX NV LAV

. . LI ~QLE=WLY MLIM FENYISIIOW w7
ETCs HO £/ 671 " E771 "ON NEIN/S 1LIM LVDI =1 4SINIY FALIFLOSS 5
IO VIV SXr WEINIY
. WILBWWT VINS QU FS¥S LZdS ~E o~
E€P-§-DD OIS " OINSItii-QICI-SV " L1/ So " IPDLS - IVIETILOU! =T~ 7
AIIGY O/-GLUS-TN W G~O0Ls~NNW CP-CUS TN OSS&#-9-Tw 2IaS ~/ /
-5 FLOV

V-V ANDILJF5

XOW /660 VT WONIKY
PXOO~TLIC vrT MIOLIF )
CI00-SLEC WD OrVY — 2

YE-SAHNZE - FLEG i
\/ - = CiC =S
{

\ &

P . B 5
U 7 Y I
LY Y \\\ > e "
3 , ¢ :
S

48



1 an3iyg

et
T Ve
T X V) R P g T e
n@s.w:ix s R =)
+ mpejesey yvan -] = TWW““W\IMMI.S.. hend
& LT T e 12 177 IS
Away B 30 430 TS e g Mg 2.4
S4H0D IINYNGHO arsue _rreose eerioves o= = 2 | agve |
S e 34y smcrswsara _ [ iiiiwbeons |- -
T e o BT ﬂl

M,%N 9/ AN O Lo

Wl QLS TS T A TN TFITIEN ESC I HE & /77 ON HSINA - “SIN _° FLILITLON S -
‘FTAO Pr Bs S sges h
FEF--OF SHG (CT o e OTTD S £/1/-So TFILS = T ATLGN - T
P NS O - TAS Y OV S \\\w.w\vt TGE - CLE-TIW AES2-O - W D75 W\\Q »
-~ §TLON

- == 2= ——— - . )
6200 +LECE " VT XONIFY e oy R i —- 500°-0007 -
LEOO + PLIE T w5l r - 109" y
WN SLEE" WIT YO A ) o 1008 -
Go-SNZr-3eL5” - I S S SN BLP PP |
/ wtma SO
\\inl ‘q ! 01774 Co w0 0 SO1IF
, A sicouasevrvirs
* & v / Y\ W goos - e s 1 ~
\q gamse-ieEt N
. Y ' AN
I = ! S ,
~ s i \’/ N
N v \
3 A S 1
¥ [ - — 1A —— e ——
3 T -
g .
. = N T
P .
P
— - S, >
. — - ”. i - ﬁ 104207
1
—{ZT Ve “ o IJuLx
— 10°4$2° NPT

[itaad 208

0492 -

M.VNQ\‘ 2
V0004 ELET

S | e —— =
SNOSIASS 1_

49



21 °andig

T —— 5 T s —————————————& )
=
N ‘N3A0Q
ANV 2k 20 420 G733 FOLOW
| S4H0D IDNVNGIO
TAGSWY ANNLLYO

1860 ¥!i=dXD

80P -dXd

NI~ TLT- WY LI BONVOWDIIIY NI
R B NS TV, ! MSNIL &
FEI-5~C8 OFS ‘HSINA~-TI25-Sv " L1/ (TIUS = TWIFLWN - T - K

ATSIV Or-CLS-Nw & G- TLS ~Triw "33 -© - M SIS ~7
X, - SIUON

—!’ «6(.005‘. —a—-
\

B
e

e

)

’

P AT

—
- Cpam
—||x\n.t €Qv—— \\r r £OC-0907 =

d i

1O 3 H IS0 FOG YOEONN . [~ D0

» i f (s LECT CTLE 71T Wil e (l_

: {3 IO Hi 1XEE WO yIrw: I ~

) ! - GE-SNEE-SLEC

u_ ;
. . N/
(I /4\\

L e e 2
T Ny ‘ /[ﬂ
E : iy o /
SIoW-7 s = s , d
VIO B ASLH ~ - - - —¥zepr 4 .- TeoF
\ !
| .\m\_ \It oricy
A T kil aracy aea ‘3ovwo varsia] o
s i WD 1/0/SNZNIT | &
LRI cbs-r-obr: vz ricessomr ®noeswamro] v
T T ame o —
SROMBATY

50



€1 aan3diy

= I....u T YT i — ==
Bl 57 nﬂ\wﬁumw =, PR
A a—
sa00 s | 8 777 DAt

evBbii-dX0

ELEH/ -~ ON LSS

(z: 30n 298 \v AN TIS JHiY LSW1d WM DIUVNON RIGIT L NS 2D IS AV -S4,
ﬁN\ FLON IS ) AWEANTIS FwiS LTSS AD LYIT TT LM JLINFD 3T DHAALS WIWI AT ITysv53 DITTT P LWES - b,
GPP-VNAL 2S5 FVIUIIN A BRE MWl DFFFSDTATIZIOMLIN S NDLLIIIE A v HiM S @

FOVIz NI FNIDIS OAY MNTHS S XDaa=ty 1 Z058~8- 7N 235 IVvD7 i.n\(\Mx < SO FLILTE 2D CTNVRLS OPRa PV -6
MY DT TP T AT TV L N GTF S SIS FAS k«%&?k D EOE-F-W DT 8 TOND2 - TANL T 95D 1 TG 2
T A TF e  ru SFIE ATIIN 2 D e Tt R Ry R R A A L £ A4
CTHPGS TS Ak TG T A ] T g TV DT e SR LT SO 1IP0I~
FATIS-FNS H el AG DTN A TL T T SW =S

TIIRT Tk hs LTINS OOV FE et HAES L OT HA LN ST IS S LT TS 5
ST T TS T ST T T T = AN SUIN TIPS W) TTE TINIIT Fe T TANIS AI./A(U

s (sqrrag) - T T ° 4
. “0\ ||||||||||| T/ IS FANWIT (0 BE 57427 TP SACTHWE D FT15 T3V 9 T 6.2 T INH D
\\Mu\ @ T T T T T T T T -Gt o 2T (G L ON TTSY SVOYIW I TS T 1wV Y 130T HNAUNOIANE
= ST~ T T - T T Tt T/ I IIIVINID(Or FE S AL TN TIS) SNOIIN $F TS T r Sy P2 FC XL K TTFATIY
—~APIL7S DN OD I 7 15577 -6

LA HTMI AT SIS VS
B —)|

PETOT THL A PFOS D et D 3y ES AT Rk S D DAk VIR o7 St AT a IOON S -9

L VEL SR TS SO YO NV LSIIWONA T AP S AC L INTOYS - &

T T T
T T TR e S RS ST S SS9 DUTN ITTYIINIP ST TUAIEST? Vi T
ST T T T T T S T T T T I0NY9 PRIIIwaNOD (§ FTLON TIS T T Y TA NG
AN2TY A Sio = iNOMUT 705 FAIS FHT Y - ¢
CONT i SNIOW T FHIITE AL T 5 3Tr 7T ITINGIE [ N TID N ILITIS F 57T 25T T DY INIIT

DTN FSITINITII "4 AfT YIIHL L IO AL IAN 5207 /ISP 30 THGT FNO TN A T4 TOANOI ONAOK Mo b D L ME I 7T 0SS -5
&1TIT -2 Y 0T G = O T —-—.

Dy 7202kt TSYG FTF IT CSTTNTATOS I X £ DY N5 HIIN TITOKINT 4G S4SISNOD NMIVII ANV ITA GO
ST/ LAY O55Z-9- TN 23S -1

\@ < SILON

~ = )+ SET
wv\‘\wt.ﬁ A 0l >
1 == Lo qyﬁl\
Y
L S N
N ’ ?
4
= Wf 1
FUY 775 — \ ~ -~
/ . ‘
2 740/ 775

Yl 2% IONVRI TYNKHSHIN/C]

o GAZW )
A1 &b\»xi o TITIV S TioN B 93]

6¢8411-dX0

HOCRES

.\n.\ PR By B 4 e 2 A

51



1 2andiyg

J§d

ANNY WA 20 MDD - XWQ\NHW«W:M:T
SA00 TR0 SAICYE 7 A 7T

OO/ -AX O Lyoer

002111-dX2

FVDLCXSIITL LANT TV LY SONOTLE LS KOSS TG TUIONS MW P02 AVITT AO FWN/L DNINGNG - b/ llf.m‘\/
WY CILVHYIS ¥ WLIM Q¥ uuhz.

MNP0 AVTIIC SO SONT NiiM NENTY A0 QIIVYIE IT TIM AWT NINM TNV "ONANW v TINTONS 04

NO OFYTLiNG IX TVM ANUATS ANUNTS ¥ JUVW Oi NOILISOSNOD YILINGI 0L £39-F-VI ITgS “TONOIIY TANLT HENONT QQ!!N\\
- ~/,
CILT TWLIWISTNS TINON S b WO Ve YIS T IO 02 SLOA FOMS uwﬁ\ WS ST LIV 0/
| PHPOD TaL ik S P05 QINCKowY T PN OXNESA T Mo 03 NIWOEG UL 2] 4NN S )
TONOT VVIUN VU SOS CAGY o5 FO | ~T7 7 y WD [ SUINGOM TWIIIXNTTVUTN TITISNVS L L IIM0Y -8

DRI VALIN A SIS AIAPLIN SE Ht § 3 F Ll 15 0D SIAUNIIIS $IFSIS SO 5 IAT oA WT2IS AT M5 VINSS £@ ITNIWSSIZT SY L __p2)

W 20 170)dh 80 AVT P - T T ATAIRS ASYT Sl A A TSOOT AL WSS SSTHS Qv (6 74 ON TIS)NOLLISOIWOT Y TN ! F OF XO¥AS b AW TWO T~ 9L
5 SSTSe OMY (F FLON FT5) /10107500 FTIING' BN OF XCHIAv HLIM ch.?wv 7

MOLLI SOSW D A0 IFT A"k 4 FVTHINS LSHl LIV LTI L VYIS G
1S OO LY SLAFATION TANIT BN/ (E TIPS L S CbVO D AVTTC &y OHZG ooy HLIW TVIT ~
(01 ZLON F35) €/-BZ 0N STy TI+DI2T 1w JL VL FIV TAMA ‘/@

($0/70S) 7 — =T T T T T T T TIWIWIWNWNGIT T T T == 4 4
- Vaahalaaih el TWISYZANWID (8§ XL STioN WNM\WS*M\\Q% ‘0 P2 I v TV YINY .ﬂn.\hh\ IWOIMI
e v — = - -—= B9 -T - ¥ D5 (L TLIN FI5) XYW &2 “F215 F7Z_ 4 s F20dIAY 1 SS W7 301055312
" e Tl MWW D \o. BL STu IN FTS) 7 OHIN b ‘P TS TINdN S IINHTETAY " T D1 L WVONIOGLTON
L HF T NG SLI Y . - ~SNOLIIROTWNTI FILTNIT - &
- "~ T T T =TT i\\htws!.hh (9Pl STLIA ..ﬂhu.ﬂ*.ﬂ\?.\n\»ﬁ & 'Fze 7 \\.N\l\\n\ Nh‘\\\\\ F¥F FAA s NFLSINAL _
r-7 Aubuiniinindintinin PET T~ 0 N&h;. L FUCHN ZT5) 5. 79I o7 \AN\M.\.H LYY ZIETW kk\\\\% N\!\\v\uvnn\ W SSL O a.
% - OG-V A7 S (L ZUON FF5)SSTT o NOWIW ! ‘FUS T I 0¥y FIYIIAV D SSY D " TUYWON I WA YVE » .
LPHIN AG SLo VS = NOILSOIHOT AVTIT -2
S/ Twal ¥ QS5T-9 - W 2TLS -1
- STLON
\ -2 Fi0N whb/
£ IUON 75— / — Sn prsa—)
DIINVNI NUSNIVIT| D 2.
TPy WIITTT Twwe) 57| - Q62 - IS S TTT
FIATY ONY TFEVvN) STLON| T
Srion Ao T
TFTDY INY SRE5N= =2 STLIWN] 2
IS, 8, SN APATe P v 10| & —enee —_——
- ST pe e
-— ] oA ey e e
C— [ EESSsc T eI aes
- Eaaaaaris

52



g1 an3iy

s | T T
(UMY TV
A79W.TSS
WITEO 7 HUON “suw +1
oy Fom. L WOy LY
W2 0L MOTIV CNY NMWS S¥
ZCEh) ) -AN N LI <038 (S T10W 335) T 1 X

- TAISTNQY 19 TVIG ATtV SNINV.LE ¥BLIV - \\é
. IMNOT IWILNLSENS TTADNIGY O LN WM SAVID MBY I DI S TS 7O LINTOMT
JLFOL INDT STHINI P XONSIY X WIN! § IVl TITVNIIS HLIN FEIIFS TNV NMONS SV ATOF NQUOW 0L NIUYWHIING MWIVLLY ~ 67,
NIUYARNND SO NOLYSVIIUS HOS SXVII-SH2 N EMT Ok N¥TINY "OLE-O N0l INSS ‘NILMYNIIIS SINON! K5 XONIoY a\v|ﬁ\t.
. ) . “IWNOT Ivuusons
OFAONI Y O FAYMY 73T WOLONIWTIM ‘DN O O SONOWIN IQ LNOINT 1T .\0.\0}8&|\\l /
/

. . LTM P TINM FTENISSY W
C@-D-MVL DTS UNDWIDI NVL L IS HLIM NOLOW SO STVINML FIVNL WO OML SNz LWOD O)=—- &

N
- 4
UTI TIINM FTEW TSS W ONY (5 PLON 475) TUNLNW P41S TV l/x(wu
@\\‘\' ML ODE7//-&X A2 7SSV INOVE? AW 770 SO SQUIIWL FIUML ¥O OML LSVi) VOO - @
TTWIOT THILNULSELS PIACYA ' & MO "I ‘FINUNNVY ‘STIW IWNTINTD o0 LINTOYS -L
TIPS PWLNVUSTAS CTAP VSTV FO “AN O YIOKMIN 40 05 OO "CD IYNNING TIINS 47 .12000¥T -9
OF ~ 7 T T T TR T T T HE 240K IIS) O Ox ‘Qr¥S Y74

L £ VL £ PR NOST
LMIITAN AP St bS LA/ AL

N\\ FLON 77S) LINIFNIS OO/ LI ERTEO/ - I X TIM YIINI SVD Ok 2LOZI/ - X ISAT THNIFS
NINL GNY (5 FLON TFS)OVD7 L$801/-oX ¥FIWeS DL 6RZ60/-aX WM ¥ITNI S¥D F¥NIT5 -

RIGHISSY LV EE2-o-NVI D N5 §F FTWVYO "WITMOL WIVI@ ¥OTIWyar¥ NIIM OVOT - £~ (C)

@IS ATIVIOT STIVIa & N/ ININKLS A& 00211/~ AN AIQUW ISV INATVO I AWTIO QL L9OOI/~IN ¥IIWSS INNITZS -T hd
‘SIS OSSEF -0~ WM ITSS -/

-~ STLON
J
G S ~gsop1r-ax 429m9350 SAMTYO?
NIVSD 4077 7Oer Json 335 ‘
\.&N!\.kx VOIHO VO Q!x-W)
260411~ X 37220N J0L0M— \Rn&.& W3 svD " Iwae-C.
{ ; ¥ TLON 275 .

\n,

e
@, A L 2F1r-y 2507
v 79
7 Rpnalarmons sived 9 iR 3 |a —SIN-aX Gy TT5 -7 /Sy £ 3054 778
1 T SRF. 35S 0 ITC 7T '
P R TFININI SUON| T ” |\ . * = T3S
I ATV IL0M] o LGOI~ T e S ,
L PPN aiizim ziow'y Lave . \ ,
=l oot > 2.0m 2onmed onv] o o 2 \hw\“rw !

Allid IAY_IIVHD MHEIT BESED el NI SHT T =TT T ey
S O R R T A I EnEraaTmnae
——— - = i

- BIONRA DY m‘l!l et sman i e = vt

53



91 san3iyg

r-—— 1) X kel — P )
= a2 H =70
o 3 20 1090 A 7GHIS S 7 R —m—ml T MRS Er 0
GANTEO T SOUOH = p—— — 7L
SO IMVNGUO R W g

S SEPI ~IN OV LS

2L I TN TRV ISSY ONY
‘CC-2- MV IRS5T UNIWNIO AAANLL IS ML I SEE WL - R TTTXON YU 5O SToF L T7Is X0 OML LS¥/ ' 4VO7 |\M N

N,
z” <
CTI 7Y OSST-D-T/W I TS~/
- S FLON

ﬁnv%v\\d\ CTERVISSY NI TVOT NIvs'd 107 TTA Dol @
©

CEOF/ /- IX

TIZIH STLOH s g 11 -t ¥ THIH YOLOW

APy S9N Jyvd | O
L TNV TN LYl "I LTV

. il R e T
CIUTTIT B TISNWC

J\. 7 saov ooy o o

» iy, wew w953 | v

S | — -

L (- —

54



LT @2an31g

= (NZ7Y9) ol ST —
AWMY 3L 4O Li3a NO/L/SOTHNO I ) m._.\wﬂ\._\wﬂ\\h
Sd¥OD FONVNaHo| LNVON/W?77/ P S 122
\ e e

)

09/ /-dX OV Lo

CPHIOT PLNGUS T T TTADFAS S O b AL STIVOMN (0D SUIIOIYS TV e SO L T e -5
. ’ ﬂ.\\.\vuﬂ THLINLUSERDS TTAOKAA S "~ T iy ST TA W67 IAN 0D IYIIPTAD SFATTA AP i INT DS - B
N HTADT T INTIN Y SINIL S5 G TEINL DG INEN S LIIL T NG S-S ANNUE S AT TN AZLTT S - 2

CTEADF T LIS S TEN DoAY 2

(e A S DD DAL D SIS AT A2 TTOVeS HIEZIS SHATIS-ENS HTHSIS AT TINIHNTLIT S - T

$F/ e OS5 -9 -T/W STSS -/

—:S5/0r
pF T - T T T T T T T T T T T (R RN TIS) NISTY FLALTIY-TINGI TS TAIIA
Z/T T TTTT N U T T S s — = e Ty IN FFE) CTT JTOUSAY T T A TR TT
BT S DTS T F T T T T T (& SV IPW:QL.\\“Q\Q.\V.\%:.N IS LY A TTT VI N\w\.\\nfm.. |N\)\r\n“wn\b,\xwh( /ORI 4
ZE s DTS T DY T T T TG T2 TIC) SN IE TiSS Uw MY T NLCTONAAT WSS AT AN N WSS
TR BTN ST TVETUON TISII NI IR G35 TS TINS5 Y MY 008 W FARL ML N I 0
TN 2PAST IR T T T (D A Y FICD S P H WY DIE TS TS A, T I WS OE Y TN L DD TMIS WS T
2U9/IN AE S1SYS Tl O N FLCATT B T DYDY N ey SO NA IS I AP SOTN DD 1A 777 T 77

N /

~ /m.../.

v D HOLLISC WO &

Na 'y cord 7S
B iy ifzzs.c
A e

TSNS N S LLT T

AN

A

55



81 2an3ig

= (79 e
Aev 32 90 1430 NO/LISOIWOD = I
SdH0D IONVYNawo | LNVYN/W7 77/ — s G

6.5/1//-SX ON LI vef

PN SIROT TSNS ANNILY I Jal A & OTH LIS ONVIY S FTIIS FATIS - B8 ANNILES A TININYTILIT S -§

. . , "THDT FLNVLSPPS TINOY IS & ¥
Vi SINTSMlIS 0D DISILNIIOS NS/ S SO LITOVS ‘NVIZIS - BN SINS/A A8 TINWYTLICT S -2

‘SP/ IS OSSC-F- T/ 2F'S -/

=i SFLON
GEIN1-dXNON LWVS ™~ — S T T T T T o T s NO/LI SOOI FTOIN/&
LOSOZ-o~7/W 275~ — T 21T T T T T T T T T ONTIFE SNIYIWLE T2/ DI S 9NV TFTINOTNITANIAA 70
P52 -Ta-vd 745 T T T T T T T CZIUTN TS SN ET TS LS IAY TIT4ALY 7 NS TLWOINISTS WSS VLOS
Z2E2-5 TN ITIST T T TRbT " T T(Z LI/ FSISNIVIIN & FZIS FIIIYS "IN b FOAYS TUYSLAIN °ULNOYLS
POF-W-NVP 39S~ = = TEZT YR TN I T 0T H ST 072 SIS TT2d WV IV 0025 ¥ TAL FTIMIS WIS IN VN
s AIA AE 5Lt S (?&s- w\un.\ LANVNTHTTT

T~

V.

R g
S kel - | Toriems aaTIiTT7 | @
L]

m N J
R s B R R )
e
L

56




61 aIn3ry

2800C

F73) FHNLXIN FAISTHOY 80 NOIT HLiM NMONS SY TINTof NI ATENISSY NIL YNNG TN TSl

SO91/ -4
LTRWISSY NILWONAD LYTISNC “(S1 FLON JIS) NAOKS SY THYYNI NOILINGI HLIM Fiid 1SdId IO FWIUNS LYO3-H

%QN%Q\ n\x ov KQ‘Q\ "LAOS TTLS 51 AWUNTS TV/HM

> ANWNTS FIGCHSONG ¥ IV QL 8831/ -V-TN I7dS I IJotd Ll 'INSTINIY TLVHLIN FSC TN T7TI WINONT OOV 465-0d W 23S I Tl AL “TIYYND NOLLINYI-5!
TTVNOT TVILNVLSINS CIAOYIAY ¥ AN NYOL MIN *03 V10 YFON F0 LINAOYL +/
CTUNOT TWILNVLSENS CINOHIIY W7o AN ‘UYL MIH B> TWIUWINI GIITTV 56 LOMCONa <5/

&I~ T TS (g FL0N 3I5) TEIININN0I T o JLEl AW QINIITY ATINS CXON NiLL YA

BT T TSI ST T g4 ITE) TRNINNGIT T T T T TS T T 32Y JOV§I ‘INITANLIATOS
ANOITM AZ SLAVL ILIS0dNOT TNIIO0>21
(22 JLON 375) XYM NISIVY Ve ONY FNTTANLIT ATOd S0 TEDLXIN ¥ HLIM ISVI WILLIT INL OL AVTI F1L THL WOWS TSHD LINYNINA TTL 20 TIVAWNS NOIYILNI L¥0I-11

W T T T TERE I~ K ST IFS)T T NOLLISOINDD ¥ ITNIG

[ ot I1S$-0-NN I35~ """ 3 I SSVTIAVT) Fis
~TIFNINIAN AV . I

. ANIIIM AG SL¥ Ve
CROET V-V I7aS T Jdad TAISTINTY UTGTNG NLIM TSV LNVNINNTY 0L JS¥3 WoLLOW TUNITS SMOVOT 0L Joiife
S TUNOT TVILNVLS@NS OFAOUAY ¥O Vo HTLSTIHOM ‘8O SLINTOYL ¥INTV INL SO LINTOYI-8
Wy NIUPESL LI C0I INSILNTIS YINSIS A0 LINAOVS YITIS TALIS-TNS WIHSIS A& OIMNYILIC SV AL

“IONOT TVILNVLSPNS TIA0HY 20
HLIM ATENOTNYLTINNIE SSTMot “(0F TLOW IT5) FANLXIW AVID F¥/S 4O SWYid 5 HLIIM OVOT-9

NOILISOIM 0D LNYNIINT TV 10 LNIWNTSIN( LS¥~

($orres) f T T T T T T T (9 TLON FIS) TWISHINNQ) (W-QIVWINIST& TONGITY FLVLIOW TANIA

: [ Joiniuinintninininy hebuiutuintats ISH-0d Vol DFLd~ =~~~ " T T =S m === === N ONOF

0 === T oo o T oo 0S5 -@-NV" IS5~~~ "G U0 ¥ SSYTY ' TLYNOUND WOLHR
LNIITM 4G SLUVS . - NOF. 2l &2
“NOLLISIINGD LNUNINDTT SO LNIWIWINI LSYLS NLIM ATSNOTNYLINN(S SSTdd ONY (5 JLON TIS) NOILISOINOD FHey LS¥/S 10 SMVYD § XOMdd¥ NLIN TVOTH
(T77MT ONOITS L] IS 0052 AV SINIWIWINI TVIOT £ W' (2 TLON TIS) NOLLISOINII LNUNINATT! 40 SHYUD L8 XONdSY NLIM TVOT-€

%0 €T "= Q81! ON LR " T T T AL NOILISOdNOD N ITNIT

XO O™ """ " "Rk~ 5-NW I74S" "~ [L TLON TTS) SNONOIW § F 5 TZIS ITILY VS IIVUIAY =~~~ FLYNLIN WA(TOS

%0 2= T T " ZO0-W-NYP ITLS ™~ (2 TLON ITS) SNOWNW G~ = CIE JZIS T THLUVe TIVHIAY ==~ 05/080 MAISINSWY

%o 1z= """ 2RE-W-NUF D345~ "(L TLON FZE)SNOWIIM SE 7 002 FT15 TV LoVl IOVSTAY T~~~ 00//05 WAISTN Svrs
10801 A1) ~ NOTLISOGNGT LVPNINITTH-2
31T OSEZ-V-TN I3d5 -1

-: §3a0n
Xewier € JION 7I5 S IULON 335 K
@" foH" 204 i35
> 74 MN«.&” 17 3404 335
H 4 1
_ 4t JION 33 f
=4 a s .
4G St 24N 73S +
| =
! S18L11-X N = — |
ATGHNISSY HILYWHIIND —_ ——

LIBLII-X ¥ISWSS— £9Z STLWN w&.V

1ESEI-oX WOLLOT .wmxul_ .
8260/~ X INYNIFINTT “I5¢2

57



0% 2an3id

| ———

g == = . smitug 3asonsous Tvmrs [Ny i)
= (LM . e T
ANV 3L 90 1430 NLLLS TING D - =1 w\d..\uww
sauon 3onvawo| NoNIW17 7/ [Er— < {owvz

Gt Eb// ~oIX OV LSS

CPONOT Pt r/0U S OIS FINONN Y FO AN SITVS VUVIIN T O THINIHNI FINOOH S0 LINOON - b
. . . . © CTWOT TYLUNYLISENS TIAOPNS A
Wt "OSIO L LS 00 I A NTIIS VTN IS FO 4 INFONS XIS FATIS-8NG HINSLA AR QYN F?LIT S & - &
PNATAOT DNISIV AN 1L/ A E TPVLIVASONEN S XIS FRIIS B8 ANNILY DIl A& QINIWNNFLFC S& =2
ST RS OS5 - O~ TIW DTS -]

LAVIITM A& SLd (BS9/-A ) N LZSOTHOT L N EN/H: 7

1§ FION
O/ T T T T T = = = == =S XON LIS “NOILISOINOS Y IONIG
- =" .I\‘ SION IS/ N\\N\.ﬂ\\ﬁx“b FLINM QWN\\\ THLISAYIDY ‘FNVYOIH#-T0
$8Z-0o-bVor 2SS~ T T O/ |@.\\§Q\V§§Dﬁ\\\\ﬁhh 2 J2IS LIV 900 T NO/LY TOIN VIS “IL VIO wb\N IS WNN/SS WL Od
225-5 M0 DFLS """ v ittt (£ ILON F75) SNOVIIWS 700 FZIS LIV "INV 2LVILIN W1IJOS
2OE-W-NV VIS T "/ T T (2 T4ON T75) SMOYIIN 055 OSE FUS UV NY * OS/0F “WAISTNS YW
T WM 2SS~ — T T T & T T T T T T \ ~k\§\\-ﬂ\h¥.ﬂ\<§\b\\§uﬂﬂﬁ.ﬂNN 215 AyVel "SAY ‘OO0//05 WIS IN OV N

'
)
i l
J
{t
1

!‘b-lh, ) ] s

58



13 andiy

= wmelg LY | L] (it R g 1T N1 -1
= Nou/soowos | Tk N s
w0 | oS N 7759 T =t oz
; iy WO e

NS=-$ -0 IIS/S

AT LG Sy YV
Mr

S IVODT THANSUSONS TIAINS S S YO AN b/ WiloA AMIN " ¥2D WS B INITINY T&YINTS o0 LINTOY - £
SO IIA AN 25 ITNSS S FOLINPOYeS T2/ FAFIS-E1S M INSLS A G OFININYTLTT S¥ -8

—ISTLON
kocec-o-21 27— @2 T T T T T T T T T T IANeNINE ONELNEONIT 7L o - 20 s ‘IAT
z/ (£ FUON F7S) MO 7774 NI TIOX TN 73 1/ TN/ _ FAa
K6L=S-P1" 2748 22 " T T LR TAON FTS)SNOEIIN 1] FUS FIHLS S TSI 2YT T L T YOG
O5/-d - T OF0S” ~ s T T T K_ S PLON F7S)SNONIIWNSE3 52 T2S FINLYVe! FIVIINY FLVSOIHT s SS 6L O

6LOZ// - X OV Ly

‘N7 TWILNYLSEPS TIAOYILY XD Vel PINEGSLLIS
SII IS OSSE-F-TIN ITSS =/

ﬂ C FLON FIS) SNOYINW Sy O£ FTIS I IS FIVIIY ‘FTIYNOGIYZIE WITOS
(B2’ 9S) NO/LISOINGT FNOWS NIFY5

——— ~erer——
& MM SROVVES B8 490 LIV o AVE ATRE ARG
> VD WS WA TERAIAmA §2 WOTH RS US Bemer e

<
i
i
!
i
i
]
t

WOABOALIT FPUTEIIS AUV SON AlrnEs <GuPlis 66 Sl JOSuTHe AN
masen

Yt oomo 2501900 NOILI SCa 9D
) tm\dmﬁw\ 4 iSwr D NOALIS OV O

wwasnssv | aive NoUSNISe

GALVAD GRLDA Sut. WELVEISD ARSRIUNINGS LR ITEEAARS SRV

(- — SR

59



22 2andig

=g T —— O e o -
NOILIS Ot | o s |t =) = SR

SJHQD IONVNQNO

owecover s suv_swcwsswa 1 aaian,
TYRBAN

B/l -IX

164 =511 2975

as/-o/- W IFo

$726-0 - TN 2778~ o4

LT AT SUTNS

il s~

WCILITOE NPT

A Btk s5-4

CTINEN T NO/LIS OANT D

HRIEY

wasusrw | auve

— ROTRAN

"OS//1] I X ON 13w

CYVIIPT T /LNGLSENS CIA0FdS S &FO

S BINVGS Al OD DiATLUNII DS HIHSSS SO LINTOYS VIZIS FAHIS-FNS YTHSIS AT TININYITLTT S -
‘SITISY OSST-9-TIW 23S -/

/)\\QR &S/

7 Iy .ﬂkﬁ%ﬁ%\%\\k\,\v\%\\\x\% TASLTIY 2074
02 T (2 FUON FFS) N OSIN 1] TS T/ LN TS \.%u.&\ N%\ FAAL ‘yYIN5
To Nw JUW FT5)SHOSIIW OF DI TTihr el = o

-z
- STLON

et ya——

St STV A8 Ao Avv o v SRS morsmares
e X

60



£g 2an3diy

» e am 1o | [27) TS %
m SNREVO 40 ) LI v 20808
- s 49 uied 39 - NOLLYDNAV
L) oot o Y
NO/L/SCSHNV DI cw DUZLT
ARGV 31 20 130 YONS MO 7774 g -
SJU0D IONVNGHO ooy rvioe o ey
U PMAVES 40 ] SININ o DUV SNOBNBING ]
-~ VD TWIRYe GRSINSS DEMANBHLS GBI “TWOURAMA
08021/ -c/'X oV 1&¢e
FBT THUNGLS NS TIADI A Y D AN B7 VIO MIN SI0I W 7/ B IN/ T INW THINTS o0 L0 Q0¥ - &
. CPVIOT TV I LNVLSEAS OIUIYSd ¥ ¥O "Vl I¥NFS L1/
D2 I/ AILNTIIS FIHNSIS O LINTOYS ¥FZIS FAIS - @71 ITNSIS K§ QINIWYILTT S -T
‘ST TS 0552 -9 -T/IW OFSS ~/
- 'STLON
6 2728-T ¥ 5745 — F/ (EZLI0 ZISYIAD 7 7ZK_NTO70D Y D TNIIHLNY QN/ TAT
MooS-F-MNIISS T ZET — - T T e —m e T FNOXVHLNY ZNZE "FAD
ISL-SPIFfS~ .22 ~ - T - - — T - - —oo e e e . S(WL PIAL X903
CI-ct- U 270S™ " & T T (@ BUON FTE) SNONIW S 3SE FLIS TINLSWS FOVHTAY ‘ILVIOINI WIS VLIS
HE-S-0 7S~ " £ T T (T UON S5 SNOYIWE ;C§ TS FINLWWS TIWITAY TLYNIGNYIIE NS

LHIITM A2 LY

ilx|Q

mmu% Lot SFEN D AANLISOIWVOD
" Yenss | 2ave [

L WA

61



L

yg 2an3iyg

230VR080 40 sewi3 R e e
S—_ . Y. _1 - =
———— | pousome) | oam N B
AV wnnves so]  ssede w mey i-ollu'.llx. j'-..l'!
1802/ /~SN OV LSt

V.

CPEROT TIUNAL ST IS GIAINLS Y FD Yt DA1GSs LIS TOT DAILNTIOS ¥7451S S S 2070XS ~ &
CIIOT TWIINVLSPNS TIAOKLI Y JO Vo OFNTSL LIS
VDZIS FATIS - GNS FINS/S A8 CINIWITILIT S -~
SIS OS5$Z~9-7/W ITSS -/
- STLON

PO DIMLNTIDS VINS/S SO 4200 OV

o

1 f7IIN TITNTI I S? FIIS TTILS el FIHIIN “I0YaI HITL 6IIMISf SOL RS Y
PIE-T-M 27 e . . T T T T~ .‘\QQ\_“\\wQ VIHYNY OFTRHIT & ‘E-IN/WV/IG-7  TAD
£-0-UWN 7S 5 - T T - T T T T~° T Iovey2 .N)SQ\\RQQ&\)‘\QQ“\Q\ TAHLIIWN-/ FAC
V8L=5-PPP 2905 Q22 T (BN FIS)SNOXIIN I T2/S FII0A¥e FIVvINS | T/ FIAL s S
O/ -g-2W D25~ &~ " (LFUON FTS) SNOYIHNS 55 XIS FIINLIVS TIVIINY TLVIOTHI WSS ¥L O
-5 -0 IWST 20 T T2 FLON ZTS) SNOVIWET DTS FTHLYVS FIVIINY  TLONOSY Y18 WNITOS

KT Sy (6 2-NS ) NETTTE0THOT TIOWE 13 TT7A

$
ot s z-5| ZINEHI NILISOL#2 2T

gn.ik.\ 31 TTIA YN D Wel L SOLNOD
VRSNV ve NSO

HERIA

62




gz 2an31g

i

2

L62¥//-

- .'llnv A wn | = Twa
= Lq@.\mw\wv o
VO LA T L2
A 2.0 18 EVZ - = O

$SHOD JINYNGHO | 11/ N/ 77D St YA

“P20M0F WLV ri 5E77.
o8 T T T T ST ITTTTTT 1L FLON PTS) Ob/-CX O/NVS I TA

p———— e — X 29—

|
_

@

*Or oM II5 .
19111 ~dX A7PNISSY 9viTvO? PREZEO/-IX T ATGNTSSY HIFErTH !

ISV LNYNINND T —

:

iqﬂ.m.hﬂﬁ!tﬁw&idsiw&x

— 1= —— =
SecMASY

LT PV SIHT TN hh. TLON TTS) TYN. Y TAISTHIY, WL IM TIVSINS TTISN/ IVOD -8
OGSV FP T LTINS TV THIPNTS 0 2 27000 ~L /
FOIDF THILINVUSENS CIAPYAIV MT AN P8 AN WULS OOF “0I TWINWINI T IFNS 4T LINTIVS -3

QLT T T T T T T ST T ST T (9 o, mhwm P28 EQ\%
ANITM AE SLIVS TLXN /s B -5V

19/11/- X ATONTSSY DN/IVOT TSV LNYNIWT T/ S0 nHNTN COZEO ~d ¥
ATOWISSY SN/TWOT TSV LNUNINDTIT! FLINK FAALILSEAS YVUS IHK 24!~V X >0y - &
BN R AIRISEY DNIOVOT DTV LNPNENI TV ST DI Ay XL/l

APPNISSY ODNITYE? ISWD LNVAINITIT DI FUOLILSONS oWLS TIer F#/-WX 20z -&
SISy QSSE-S -7rW D IAS -/

\ & JLoN T3S

Rl = {- 1

\®

63



9z aandid

Az L s § // % Teas | Smeaeee =] o
m Zovews 20 s> 10ug Yvma . LY. 1) ion o8
= -l"-hl-lolg NOLLYIrbdv
= b . - [
RIS — S T sy
AVMY 3ML 30 id3d I\I.WVNNQ Zi5 sml - e STyl FIS. v -«“ TS H
SJYOD IINVNGHO o | e grozce Az
e | Stane | W

Ll

(F 756 F7S) ON L&/¥e

- § -0\ ESIN-IXE TIY US 51 -dXFI5E//:.
Q/RH s 0862losnrs -ax g N7729 |92 SEN X [S2SEI-dN
@ T socseEs v o0g |y HM sTSEY- o X (525EN -l
WA IWON INT W07 | ¥0700 VON 1Y ¥cd|ON SNMVIT

“TFutr 2, G LHGIZ OL LNFHWIAINI INO N/

64

(7294 FIE) NOULI SIS HNOD YNNI Y2/ (F7EL T8 SACTIHTTEVL F7S) FLYTI/TISNOD -2
SIS OG- 9 - N 2FSSF -/

@/ ~-!STLON

l'\Q.IQ%.IJ

- 200+26/7 -»

¢F (B \19-5-J79Wr53 LHSITM & NOISNIN/T]
o 1 o715 APVII 2 AN B 110/ SH TNAT

tﬂ—!‘

B <|a
l'l
hi
i
i
9
L
i

ITH

l
|
!
l
|
|

)
|
b
i

ah
10

-~



L3 2an31g

— Py e m A Len — ~\N T1vos | Seees eee e . [gﬁ Elm
= ATEWTISS - Sl ssesivew sveu] wa .w.w.txﬁm\wa?.“i..
AUV B0 40 1430 ONIGYO7 — S Nk
Sau0D 3oNVYNa¥o | ¥TLS 770 (FLIHM) — e o =l anvH
e

S IBMI=-dXa

LE/I(~d X ON LY v

R “SISEI-ING IMT NO ONMOL ON LY Yel S1HL -8
N§Qh TVILHVLEENS OFAQHISY ¥O SN ‘a 731435014 00 ONIMINLOYINNYIN ONY SNININ VLOSINNIN 20 LINCCHS ~L
R AXNNTS
FIGUHENSG ¥ IHYN 0L NOILISOIWOD Tu/A LSY/S OL EI¥=-F - TN TS CTOHGITY TANLT NSNONT AA¥V -3
(940N h..ﬂh.b F&/S LSYIS SV 0021//~-adXD ON dma woes iQ\k\MQ\\}\Qh YILINDI TSN
—NOI/LISOIWOD I/ LSS /S <5
(5 FLN 378) AYHNTE FY/S LS¥/IL 20 SWYMS 02 0L SV L0 TYLIAL Y HLIM TILYIION/
STV UNS LVO) NIHL I HNLYHIIWNTL W00 0L T00I 0L AIEWISSY MOT7Y CONILYIH MTLIV-¥
‘SUNON 9 Oy A, S8 Ly LYTH TNV NIAC NI A18WNITSSY FoV T m§\QQ\m\§ ¥FLIY-E
‘(L 340N ZT8) L2 ON ‘IdVL

IVIINLITTT INULLISOWNYIHL HA0TI SEVTS 40 SININI 5 98 ATILYN/XoYdd ¥V HLIM LIT13d SYUM-2
"SI/ TddY 0552 --TN IS -/

- @FLON

¥ ¥ JL0N 338
~ -
~ _ 2 FLON F7S
L)
3 - - —
h]
X
o
x } /,
i
oo S| J7dwvwo wos3a anv s2iom| . -
& 0ISIATY CNY WMMYIGIE | / p— T LY
o2 g (7L 335) s25811-X LI TTId— S rroroarmreres
wesemv | mave ey [ -(lllolu.ll-..n.ﬂi-lﬁohl“ Lﬂ-"ﬁﬂ.t‘ﬂ!‘l!llm.wwm.l."gl
———TAE TETS R Tl tatene wemesy sews b
Nl

65



83 9an3iyg

. .. e s
CIT on o 777w T v H e
T E— X |
"" - LA ld
A TGATSSY =~
v BU 40 4030 XILSINNVG D = £
SdUOD IDNVNGHO INOWNS TFY o—r _gremote  weessves Cx W-2777
s o ity g e
102117 ~XN ONLSWS
eFn T M SWIED DN SIOLaY FASHITY ALrw Dovamil "T/SNY LVO5-F
IOF WL WS SFTE TIACEe v &I 7V L At ‘ST TewPHIE IO LSOl N
CTUADF ISUINILCRES 2IAVAIIY &D AN PE AN Sy BF Ty €D FUSHYTHE TITS L0 LINT. 7R, -
. ettt ? Pugs FIC)  OMOX TiveSHIA I@
96 T T TTTTTT e BCN F75, FTF NOFP -
LMDV AP Lz — USR5 WP =
WUOI) ~&X LIGWISSY INITVIT DY LTIVIA TSN IIYNNS 1270// -WX VIS -
LLO21- X ATGHNTSS & INITVOT TAONS PAOT I IS FHONS MIVIIL 25/ - WX ¥ 0o -&
‘PLOZII-S X ADFHISS Y INIOVIT JHONS NITFT TSN JNONS NITHI 05/-WX X0« -2
o SIS OSSC-9- VW IS -/
® ~:STION
P W5 STLON FIT~
/
b e XYW LPE e [
Z _
A k\,
iy -y 4 4
ﬁ ks
|- 3 : :
L i _
J < al ‘ \
1 | A
(FBEZ STION 77S)
LEIII ~IX ATENTSSY INIOVOT INONS T7 —
PQZEO/-dXN ATINISSY QNW;\\.‘\\( -
co | Tl 7777y HIN DIZNAd I D 1
wl Tmpe] XTIl Drad ) S p—— T
3 354 TTIIV STV | ¥ e e A
= e = o ]

66



62 dan3y

P& Cwy maws Sv EMIT -
OV et NOLLC Purts P0 é
¥

i g
L-DEE Datas WDS NI WIS FINILLS K/ OL B NUUT 10C DAL I NMONT IV ASONV LvI N ®
. [ PLQUE - OFd ke BINVISDIOW MY ..
2 73 *3&‘1!&\\0&& 18R00 INISA “ASOMYT Ok WHT OO NILIVS -CA— o
- "OEI-I-Niw DB (FINVWO) I IwAL NOIAI “NLDID -t Vot Biwwd X
BB Iey OFIE BN IDwF -4
- RBsON

© AeEvii=¢dX0

Mo 238 ’
BT 23ionw 3PS / * . \ n.
PARN \
Yy / //
N
. /,/ \
e _. ,/\
e _
SIS~ +. T .

| YVl IV Tavedias G vt

=
——ar

67



0g eansig

fi

-

- Sy
9Z2Z DI -oX ON Laws
TYRDZ TVIINVISORS TIAOMLY 4O NW00 ‘LubaTITHT 85 Sim NIV GVIE 6 1307304 -3
O W TIFLS ISTININLS T0IE VAT HINI B /C “NNIT OV N s -
I TIND 0 SO/ 5 SWEIINOS £ AIWND O SN/ WAVT JH1IFS -8 - — W)
ONGT FIWONI[01) NRL Fiowav PE 2% Novw3-F
PXIIIIY OF L -9 -Yotr I .S -7
- P IsON

(P TLON TIS) WONINN 8T S MIINIWLE FT1SNYL "
Vs D0y \k

3Tl -dx0

@ ¥ TLON FTs
MNAT VIR NID

v TS

RYired a7eov ~r:77 7 249N ] 9]
badlVprd = &dv e s8] v
€A O SR S—
e er———

TN -dX0

68



18 2andig

] P

ATGYIISTT
E=RE)

T SFLSINTD

‘i (R

=
- T
w
- e e eveuoves -
ey —
S P sma o rey semsee | oniimace

£HEPII-dXI

reery

(778, F375)-dX ON L&ve

TELETA it - | ——— sesmimalioenand
L L:0Z e _JOZ11~aXD TFISEH AN irg i ‘WTHUTIAL SN TIIOI #I ST/ S
{92027 “eX_10%77-gX2 _—— - - "$ITEI X frinif-xd IN/ZFINES AE INITS10D Od /WM T FHITS -2 D)
0T i e X 1O ————— EPFES AKX T oa I - SISV CSIT-G-TN D FT <4
— - T Z 111K LGS T5 EIT T E it AN isTLon
r—— — \ /DI~ ARE I IR 195 é 1) =X Rep ) XD
' L — — | £SO 60-aniLEIRI-OXC abi¥ /- TX Evirs XD
o B U 7on 2ov= | ON OMO  ON Lows | ON 9NT | OV Live ON IMT
j i AIWISSY MIUSINYI | ATGNISSY AILSINYD | AIGWISSY NWITUILSIT |
w ~ Pwows L veINnTT | onw twkw;;\l.ull_
FrgL 335 -, - ®
2 v
N R T = oue ty
“Z Ti0N I7S
O\ v
© -
= @
}{
= 0 azoa¥ Fion B
BB L pr-atlorons men 9027797 1307 | 2 2774/
P NEILIER @790y _sTric]| & MOy FLOHIVEVE g Ty
Gl e VLT TAONIY TIVITP | & e e e L
) e - e e oy T
L) i T e e

69



——cz -

T TN wieee 1 T Twmes
T - s

,'!‘! L L R -

mnﬂt- .

W Y Tene e ums | 7T T T e ¢
' 1}

s~ T T I T e

TTTTTTTT mnusen s aus wn ‘smurs ol

N

70



gg 2ansiy

o ] o] - T

D

T L1 es e
—rarrhie ey

"889811-d

TIEV”
swdy L 40 L4300
240" IONYNQUO

CYVIUITHNED T wy HTLN' A HITTH

CTUPCT TANILETNS TIALAALY HO TV OSWIIND oMl SLINT Ay X1 NTZTA 22 LI

~

bniST TAVINE FIIE Xlbodd SINTEL ONY SHT_ LTV MUK Er

-£

Dite WILE YITTH - Ty I -2
§F VY CSIT-V-TIN [T -1

z - FLCY
ONIYI 30 AL LV J_ﬁ
TUNDIS WOHJ AMY OVZh NHNL !
TNOILAY
2 diis - 1238
;=
3 LON 07 = \,\
NAMCHS NOLLIFXIE,
NI ATIN3D NG \r\ 13A37 2.3 an3
3513 01 1v @10k ¥39914 L .
[T
..... 7 .
TGS )
SWYY 17 v (1n3
ATWNI4 GICH 3ACH3Y CL %nnh.;m,
e Sdvd 18114 7 FQ3NarA
. cSTH ;
’ \ ! ;
s s3nlL Ty
Ly LHDIugT GIOH
an3
auty NOIL33M3
40
NOILO3MD .
SNOILONS.LSNI ONIMIS ‘ ;
e T e S Cee e
.klvl..hl\lli—h’ﬂﬂ'lll[ -
[e7it0e o1 )

n



APPENDIX A

OTCM 37402
APPROVED 26 MAY 60
DEPARTMENT OF THE ARMY
Office of the Chief of Ordnance

JALlompart/ow/5568.

FROM: The Subcommittee on Infantry and Aircraft Weapon Systems
TO: The Ordnance Technicel Committee

SUBJECT: SIGNALS, GROUND, HAND-HELD - Initiation of Development and
Recording of Military Characteristics - DA Project 50422
016 (QiMS Code 5530.12.548 F).

1. REFERENGES:

a. OTCM 32189 dated 27 May 1948

b. OTCM 33337 dated 9 June 1950

c. Ltr, 10 March 1959, USCONARC to C/R&D, ATDEV-3 400.114/32
(10 March 1959), Subject: USCONARC-Approved Revised Military
Characteristics for Signal, Ground, Hand-Held.

d. Ltr, 23 March 1959, from USCONARC to C/R&D subject: Draft Revised
MC's for Signals, Ground, Hand-Held, Rocket Type, CRD/D 3664,
00/9UI-5987.

2. N:

a. Reference 1a suthorized the initiation of Project 504-022-016
(TS5-5402) for the purpose of developing hand-held rocket type signals.

b. Reference 1b clarified the Military Characteristics originally
established for these signals,

¢. Reference 1g contained USCONARC-approved revised Military
Characteristics for Signal, Ground, Hand-Held, which were approved by
C/R&D in reference d.

d., Since the T133 Series Signal currently being developed do not
comply with the revised military characteristics, USCONARC recommended
that a new development program be established for the purpose of pro-
viding a new series of hand-held signal to meet the revised requirement.

e. The requirement for EOD tools and "render safe" procedures for
these signals will be carefully considered.



f.

.

In the development of the signals resulting from this project all
available technical intelligence will be considered.

This project is included in the Fiscal Year 1960 Research and
Development Progranm.

3. ENDATIONS :
The Subcommittee recommends that:

a.

b,

SIGNAL,
SIGNAL,
SIGNAL,

SIGNAL,
SIGNAL,
SIGNAL,

SIGNAL,
SIGNAL,
SIGNAL,
SIGNAL,
SIGNAL,
SIGNAL,

Ce

d.

The attached R&D Project Card, DD Form 613, Appendix I, be
approved.

The following

ILLUMINATION,
ILLUMINATION,
TLLUMINATION,

TLLUMINATION,
TLLUMINATION,
TLLUMINATION,

SMOKE,
SMOKE,
SMOKE,

SMOKE,
SMOKE,

GROUNDs
GROUND ;
GROUND ¢

GROUND:
GROUND:
GROUND ;

nomenclatures be assigned:

parachute, green star, XM144

GROUND: parachute, red star, XMi1i5
GROUND: parachute, white star, XIM146

GROUND: cluster, green star, XM147
GROUND: cluster, red star, XMi48
GROUND: cluster, white star, XM149

parachute, green, XM150
parachute, red, XMi51
parachute, yellow, XM152

streamer, green, XMi53
stresmer, red, IM154
streamer, yellow, XMl155

The development of the above signals be conducted under DA Pro-
Ject 504-22-016, OMS 5530.12,548 - Signal, Ground, Hand-Held, Rocket
Type, Priority 1A, and Technical Objective LC-10.

This OTCHM, the subject material, components and related docu-
ments be unclassified,

SUBMITTED FOR CONSIDERATION:

8.L. HALL
Col, Ord Corps
Chairman, Subcommittee



APPENDIX B

R&D PROJECT CARD EXTRACTS
4 April 1960

20, Requirement and/or Justification

The Continental Army Command has a requirement for hand-held, rocket
type, signals that will attain an average height of 750 feet and be able
to maintain normal functioning after prolonged storage and handling in
the field, CDOG Reference 939C (2)

21, a. Brief:

The purpose of the development is to provide signals for use of
CONARC, which do not require weapons or special adapters for projection.
The military characteristics are contained in Inclosure I to ihis R&D
Project Card.

b. Approach:
From available data regarding the standard M131 Hand-Held Dis-
tress Signal, the standard M125 Series of ground signals, and the 7133
Series of ground signels, establish the basic design of a series of spin
stabilized signals, prepared drawings and specifications.

c. Sub-Tasks:

None

d., Other Information:

(1) Fiscal Estimates:

Perio Total Estimates RDT&E  PEMA

FY 1960 270 270 0

FY 1961 270 270 0

Total 650 590 60
(2) Scienti arch: N/A

(3) Stapdardization Jtem: The items are included in an inter-
national standardization program as reflected by CLSI-1-107-17,

(4) . Same or Reiated Items: None

(5) Critical Material or Limitations: None




(6) if1 w_Point All phases of development will be
reviewed in accordance with OCTI 200-2-59, dated 1 Oct 1959,

e. Background list a s:

The Continental Army Command requested that a new series of sig-
nals be developed to eliminate the deficiencies of and replace the present
standard M125 Series and the T133 Series. The deficiencies to be eliminated
are erratic flight, smoke and spark trail, and breaking of tear strips on
the packing containers.

f. Future Plang:

(1) To finish the development of the smoke composition; (2) to
conduct static tests of the rocket motor; (3) to conduct ballistic tests
of all signals; (4) to conduct engineering tests of all signals.

g. Referencest

(1) First Partial Report of U.S. Army Infantry Board, Project
M.2705, Service Test of Signals, Ground, Hand-Held (DA Project 5504~22-0,6).

(2) Aberdeen Proving Ground Firing Records B-=14006-B-14010 cover-
ing tests of Hand-Held Rocket Type Ground Signals T113, T134, T135, T137
and T138, dated 17-30 October 1956.

(3) Ltr, 10 Mar 59, USCONARC to C/R&D, ATDEV-3-400:114/32, sub-
ject: USCONARC - Approved Revised Military Characteristics for Signals,
Ground Hand-Held.



APPENDIX €

USCONARG-API'ROVED REVISED MILITARY CHARACTERISTICS
FOR
SIGNALS, GROUND, HAND-HELD

I - GENERAL

1. Reguirement

A hand-held device capable of projecting streamer-type, light, and
smoke pyrotechnic devices to a height of 750 feet to replace standard
projecting devices, This device will be utilized for visual signaling
by airborne and other combat troops as personnel assembly aids, site
merkings, and for ground-to-ground and ground-to-eir signaling in com-
bat operations.

2, Operational concent

The signals will be employed by Army ground units for visual ground-
to-ground and ground-to-gir signaling and to provide temporery close~in
illunination for individuals and small units.

3. Orgenizationel concept
The signals will replace those corbat signals that require wespons

or devices for projection and the current family of rocket-type, hand-
held signals.

4. Consideration of tripartite, Navy, Air Force, and Marimne Corps
development activitieg
Coordination will be effected with all interested agencies and will
include the United States Marine Corps, United Kingdom, and Canada.

5. Feasibility of development
If, during the development phase, it appears to the development

agency that the characteristics listed herein require the incorporation

of certaln impractical features or unnecessarily expensive and compli-~
cated components or devices, costly menufacturing methods and processes,
critical materials or restrictive specifications which serve as a detri-
ment to the military value of the item, such matters will be brought to

the attention of the Chief of Research and Development, Department of

the Army, and CONARC Hdqtrs, for careful consideration before incorporation
in a finel design.

6. Background

a. In 1947 Army Field Forces conducted a limited eveluation of hand-
held, rocket-type signals and concluded that pyrotechniecs which did not
require a weapon or special proj®ctor were a decided improverent over



stendard signals that were weapon launched. Militery characteristics
for those signals were approved in 1948 and revised in 1950. After
completion of the initial service test in 1952 signals in series T71
through 176 were classified as standard type and designated M125
through M130., Subsequent to classification as standard type of this
series ol signals, development of additional signals, designated T133
through T138, was initiated,

b. Erratic performance in production lots of the M127 signal
(white star parachute) in 1954 led to suspension from issue of all
types of hand-held signals. In subsequent testing certain lots of
r.odified standsrd-type signsls heave been found acceptable for Army use
on an interim-basis. Efforis are continuing to improve performance of
the adopted-type signals and to complete development and testing of
the remainder of the interim family of hand-held signeals at an early
date.

¢. Those military characteristics supersede those recorded by
Ordnance Technical Committee Item No, 32189, 5 May 1948, as revised by
Ordnance Technical Committee Item No. 33337, 9 June 1950,

II-OPERATIONAL CHARACTERISTICS

7. Configuration
a, Weight (complete) shall not exceed 1.2 pounds.

b, Length (complete) shall not exceed 9.5 inches.
¢, Diameter shall not exceed 2 inches.

8. The signals shall be provided in the following types and colors:
a, Light producing signals:

Red Star {luster
Green Star Cluster
White Star Cluster
Red Star Parachute
Green Star Parachute
White Star Parachute

b, Smoke producing signals:

Red Smoke Parachute
Green Smoke Parachute
Yellow Smoke Parachute
Red Smoke Streamer
Green Smoke Streamer
Yellow Smoke Streamer
Violet Smoke Parachute
Violet Smoke Streamer

2¢



9. Performance
a. The signal shall be capable of projection by hand, without danger
to the firer, and without the use of a weapon or special adapter.

b. The noise and recoil produced by firing shall be kept to the
minimum possible and shall not cause undue discomfort to the firer.

¢. The ignition of the signal element shall begin at approximately
the zenith of flight when launched at an angle of approximately 90° from
the horizontal, except for smoke stresmer-type signals, in which ignition
shall begin at the minimum safe distance from the firer.

d. The noise, smoke, md flash resulting from the firing of the sig-
nals shall be the minimum practicable, and, excpet for smoke streamer
signals, shall make no smoke, flash, or luminous trail which would dis-
close the position of the firer. It is desirable that smoke and flash
produced by firing the signal be indiscermable to ground observers at all
ranges in daylight and darkness, end mandatory that they be indiscernable
at ranges greater than 1,000 yards (except for Smoke Streamer Signals).

e. Both light and smoke producing signals shall have sharp color
definition and be eassily distinguishable.

f. Smoke parachute signals shall have a minimum duration of usable
visibility of 60 seconds.

g. Flare signals (perachute-type) shall have & minimum burning time
of 40 seconds with 60 seconds desired.

h., The White Star Parachute Signal shall be an 11luminating flare.
It shall produce & white 1light of a minimum of 45,000 candlepower and
heve a minimum burning time of 40 seconds. 60,000-100,000 candlepower
and 60 seconds burning time is highly desirable. When projected at an
elevation of 45°, it shall burst in the air at a horizontal range of
between 620 and 790 feet at a height of 500 to 450 feet.

i. Cluster-type signals producing green, red, or white stars shall
have a burning time of approximately 8 seconds,

j. Streamer~type signals shall emit green, red, violet, or yellow
smoke at a safe distance from the firer and continue to emit smoke to
ground impact,

k. Compliance with the visibility and smoke cloud requirerment shall

be determined in clear weather with wind velocity not grester than 10
miles per hour.

1. Parachute-suspended signals shall not descent at a rate faster
than 7 feet per second.

3¢



m, The signals shall be stable in flight and shall not depart more
than 10°P from the intended direction of flight.

n. The signals shall be able to attain an average height of 750 feet
when fired vertically. Tolerance in height shall not exceed plus or
minus 75 feet.

o. The signals shall be visible and colors distinguishable to an air
observer on a clear (with aerial visibility rot less than 10 miles)
cloudless day ageinst a contrasting background from a height of 6,000
feet at a slant range of 5 miles.

P. The signels shall be safe in storage, transporting, handling, and
firing.

q. The signals shall be sufficiently durable to withstand the shocks
incurred in parachute delivery when secured to a parachutist and when
dropped by parachute in aerial delivery containers, provided normal pre~
cautions are taken in packing to protect the signals from undue damage.
The signals must be safe to handle and fire after drop by malfunctioning
perachute provided no visible damage has been sustained.

r. The signal and signal container must be so designed that the con-
tainer can be opened and the signal removed and fired by a man wearing
cold-weather clothing.

8. Signal performance shall not be dependent on selection and train-
ing of firers.

t. Instructions for firing shall be clearly marked on the container
or Signalo

u. The signal and signal container shall be s0 marked as to permit
eagy identification of type and color of signal.

10, Dyrability and religbjlity
The signals shall be sufficiently durable to withstand the abuse

normally encountered in combat, to include prolonged exposed storage
and frequent handling in the field.

III - SPECIAL CHARACTERISTICS
11. E n T, t

a. Shall be capable of satisfactory performance under the basic
extreme cold weather and extreme hot weather operating corditions as
specified in AR 70515,

4o



b. Shall be capable of safe storage amd transportation without
permanent impairment of its capabilities from the effects of extreme
conditions as specified in subparagraph 7d, AR 705-15, 1 August 1957,

¢. Shall be immersion proof to the extent specified in ABC Army
Standard Nr 13, 10 April 1952.

12. and ato uiremen

The signals shall be designed to facilitate rapid decontamination
from CBR and atomic contamination.

13. Kit requirements - None

14. Maintenance and interchengeebiiity reguirements - None.
The signals shall be expendable,

15. Human engineering
Human engineering is required.
- ORDER FR IST

16. In case of competing essential characteristics, the developing
agency will give priority in the below listed order:

a., Performance

b. Durability and Reliability

c. Weight and bulk

d. Simplicity of operation
P 3

17. These signals will supersede the current family of Sigmnals,
Ground, Hand-Held, Rocket~Type, and all other combat signals
requiring a weapon or special device for projection,

50



